GAO Sites Questionnaire

Site Name H E W Site Agency F DEP
County Dade Office Southeast District
Case Manager ___None Completed by N Cuy Kook S’/ 2 / 00

1. What is the remedial status of the site (i.e. CAP, CAR, RAP)?
SE District office hed no information abowt +his site .~ Faul \Wierzbick:
ph. (561) 81 -6L0o0

2. The most recent PA@'eport was completed on ¢ /24 / 8¢ . Has any significant remedial work been
conducted since that date?

U'\knomr-\ . S‘\'hL (S not- be?ns tracked.

3. Has a Consent Order been signed?

Site s not bdnj tracked
/M

| 10079029

MORBIOAL

N/A |

If yes, is the PRP complying with the Consent Order?

N

If no, is the PRP performing a “voluntary cleanup”?

N/a



If so, is there a formal or informal agreement with the PRP for the work being conducted? Is the work satisfactory?

N/

. If a Consent Order has not been negotiated, is one necessary?

N/A—

. Do you feel that additional CERCLA Site Assessment activities or NPL determination is warranted? If yes, what
Priority (High or Low)?

N/A

. Comments
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Refer to Report Dated: PA: Si: _ Other (report type & datej: (5//0 /O//«B/QZ
Report developed by: KVM T

DECISION:
ll/.< Further Action under Superfund (CERCLA) is not appropriate or required because:
512.1/a.Site Evaluation Accomplished {SEA). I | 1b. Action Deferred to: 1 | RCRA
I 1 NRC
i | 2. Further Investigation Needed Under Superfund: 23. Priority: | | Higher | | Lower
2b. Activity 'y PA N
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i | Other:
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Final
SITE INSPECTION PRIORITIZATION
AMAX PHOSPHATE FACILITY
Palmetto, Manatee County, Florida

EPA ID No. FLD043055151
WasteLAN No. 00634

1.0 Introduction

B&V Waste Science and Technology Corp. was tasked by the United States
Environmental Protection Agency (EPA) to conduct a Site Inspection Prioritization
(SIP) for the AMAX Phosphate Facility located six miles north of Palmetto in
Manatee County, Florida. This study was performed under the authorization of the
Comprehensive Environmental Response, Compensation and Liability Act of 1980
(CERCLA) and the Superfund Amendment and Reauthorization Act of 1986

(SARA).

A Site Inspection was conducted at the AMAX site by Halliburton NUS
Environmental Corporation in October, 1990 (Ref. 1). Additional sources of
information used in this evaluation were EPA file material as well as documentation
generated via telephone contacts and letters from previous studies. The SIP will
quantify threats posed by the site and provide sufficient documentation in order for
decisions to be made about a future course of action.

2.0 Site Description, Operational History and Waste Characteristics

2.1 Location

The AMAX Phosphate Facility Piney Point Complex site is located east of State
Highway 45/US Highway 41 and north of Buckeye Road, six miles north of Palmetto,
in Manatee County, Florida. The geographic coordinates of the site are latitude

jvao
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27°37°24" north, and longitude 82°31°54" west (Ref. 2). The site is at an elevation
of between 8 and 35 feet above mean sea level (amsl) based on the National
Geodetic Vertical Datum of 1929 (Ref. 2). The site location is shown as Figure 1.

The climate in Manatee County is humid and subtropical, characterized by high
mean annual rainfall and temperature. Average monthly temperatures range from
61°F in January to 82°F in July and August (Ref. 3, p. 11) with an average annual
temperature of 72°F (Ref. 3, p. 105). The season with the highest rainfall extends
from June through September while the remaining months of the year receive lesser
amounts (Ref. 3, p. 11). The mean annual precipitation in the area is 56 inches, with
a mean annual lake pan evaporation of 52 inches, yielding a net annual precipitation
of 4 inches (Ref. 4). The 2-year, 24-hour rainfall is 5 inches (Ref. 5).

2.2 Site Description

The AMAX Phosphate Facility is located on approximately 670 acres and is a
manufacturing facility which converts phosphate ore to phosphoric acid and
diammonium phosphate (DAP). The facility also includes sulfuric acid, phosphoric
acid, and ammoniated fertilizer plants along with a gypsum stack/cooling pond
complex.

The AMAX Phosphate Facility is bordered on the west by US Highway 41, on the
south by Buckeye Road and a citrus grove, on the east by farmland, and on the north
by Manatee Airport, a landing strip (Ref. 2). The plant is fenced on the northern,
eastern, and western borders with a guardhouse to the north. Access can be gained
by foot on Buckeye Road at the southern border. During the site investigation,
stressed vegetation was noted along the plant’s borders (Ref. 1). A drainage ditch
for nonprocess water on the northern border empties into Piney Point Creek and
then into Tampa Bay approximately two miles west of the facility, while a drainage
ditch along the southern border empties into Bishop Harbor one mile to the west,
which also converges with the bay (Ref. 1). The site layout is shown as Figure 2.

The AMAX complex consists of several parts associated with the manufacturing
process. An approximately five acre manufacturing portion, located to the northwest,

Jweo
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consists of sulfuric acid, phosphoric acid, and DAP plants. The largest portion of the
property is used for gypsum stacks, the calcium sulfate by-product from the
phosphoric acid process, which occupy approximately 253 acres on the southeast.
The stacks are surrounded by a drainage ditch that channels water from the stacks
back to the plant and also inhibits lateral migration of leachate from the gypsum.
There is also a 32-acre DAP pond in the northwest corner of the gypsum stack area,
while a 77-acre cooling pond is located in the southwest corner. Additionally, there
is a 1-acre ammonia removal pond northeast of the cooling pond. Process and
nonprocess water, along with gypsum, are pumped to waste disposal areas on the
facility, and a network of drainage ditches ultimately leads to the two ditches
mentioned above. Railroad tracks, with a spur going into the plant on the northern
border of the property, are located along the western border (Ref. 1).

2.3 Operational History and Waste Characteristics

AMAX began operations at the facility in 1966 and expanded in 1978 (Ref. 6, p. 7).
The facility was then sold to Consolidated Minerals, Inc. of Plant City, Florida, at an
unknown date, some time after February, 1987 (Refs. 6, 7). At the end of 1988,
Royster Phosphates, Inc. purchased the facility from Consolidated (Ref. 8). In
November 1990, Royster sold the plant to Atlantic Fertilizer Company as a joint
venture with Gulf Atlantic. Royster Phosphates, however, is still responsible for the
management of the facility (Ref. 9, p. 5). The site is currently active.

The main products which AMAX produces and sells are phosphoric acid and the
fertilizer, DAP. To make these products, the plant first manufactures sulfuric acid
which is used to digest the phosphate ore. The phosphoric acid, produced in the
process, is then reacted with ammonia to yield the final product, DAP. AMAX
manufactures 2,000 tons of sulfuric acid per day and purchases an additional 300 tons
per day. In the manufacturing process, brink mist eliminators in towers remove
escaping acid mist and sulfur oxide before they are released into the environment

(Ref. 1).

Phosphate rock is crushed and slurried with sulfuric acid. The resulting slurry is
filtered to remove the phosphoric acid, which is formed in the process, from the
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complex. The acid formed in this process is concentrated to 54 percent. Impurities
are removed and shipped out of the plant in tanks. The process water from this
production, with a pH of between 1.8 and 2.0, is used to transport the gypsum to the
top of the stack and is recirculated to the plant. Exhaust from the production is
washed with recycled water to remove harmful gases before discharge from the stack
(Refs. 1, 9, 10).

In the production of DAP 18-46-0, anhydrous ammonia, phosphoric acid, and 75
percent phosphate rock are mixed together. The resulting slurry is pumped to a
solid-materials handling system where the aqueous portion is removed, and the DAP
is dried. Scrubbers inhibit dust and fumes from being released into the atmosphere.
The final product is either used directly as fertilizer, or is processed further by other
fertilizer plants (Refs. 1, 9, 10).

In the above mentioned processes, water that has come into contact with either
gaseous emissions, dust, or gypsum is contaminated and cannot be released by the
plant; therefore, excess water is kept in holding ponds. In order to minimize the
volume of water, there is an evaporation system consisting of sprayers in the holding
areas. During the rainy season when accumulation is increased, water is treated
before it is released from the site. Before releasing the water, fluorides and
phosphorous products are removed as solids and deposited on the gypsum stacks, and
the acidic pH is neutralized with lime (Refs. 1, 9, 10).

The potential for pollution of air and water is inherent in the production of
fertilizers. The impurities resulting from these manufacturing processes can
inadvertently be released into the environment through several pathways and consist
of a variety of substances. The plant process water characteristically has a low pH
and contains a high concentration of inorganic by-products from the phosphate rock.
In addition to elevated levels of radioactive particle emissions (uranium-238, radium-
226), there may also be elevated concentrations of arsenic, cadmium, chromium, lead,
fluoride, manganese, ifon, and sulfate. A study conducted by the US Environmental
Protection Agency (EPA) indicated that only radium-226, uranium-238, chromium,
and arsenic were present at over one-half of the study sites in large enough quantities
in phosphogypsum to exceed health-based screening limits (Ref. 11, p. 12-6, 12-7).
Leachate from the plant, however, typically has a higher concentration of
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contaminants of concern. It was found that the following concentration of metals in
leachate at the study sites provided a potential health or environmental risk if
released into either groundwater or surface water: arsenic, lead, cadmium, chromium,
fluoride, zinc, antimony, copper, thallium, nickel, iron, and mercury (Ref. 11, p. 12-9).

Unless the gypsum stacks and cooling ponds are underlain with an impervious liner,
contaminants can be discharged to groundwater; however, the soils under the stacks
can neutralize or buffer the pH, causing some contaminants to precipitate from
solution, thus attenuating their migration (Refs. 6, p. 8; 12, p. 7). Also, phosphates,
when released into the environment, increase algal growth in surface water which
upsets the natural biological balance (Ref. 13, p. 471). Because of the low pH of the
process water, some of the fluorides are converted to gaseous hydrogen fluoride and
transmitted into the environment during the sprinkling involved with the evaporation
process on the gypsum stacks. Fluorides have been periodically found in citrus tree
foliage and grass used for cattle grazing in the area around AMAX phosphate (Ref.
9). Additionally, escaping dust and fumes from the plant’s stacks can transmit
airborne particulate pollutants and by-products.

The plant has been permitted by the Florida Department of Environmental
Regulation (FDER) to discharge process water and nonprocess wastewater into two
drainage ditches. Outfalls 001 and 003, to the south of the facility, flow into a
drainage ditch which empties into Bishop Harbor, an outlet to Tampa Bay, while
Outfall 002, to the north, drains into a ditch which discharges into Piney Point Creek,
then into Tampa Bay. Outfalls 001 and 002 are for nonprocess water, while Outfall
003 is for treated process water. Outfall 001 was used for the last time in September
1989, and Outfall 003 was last used in March 1989. Outfall 002 is still being used.
All three outfalls are still permitted (Refs. 9, 14, 15).

The U.S. Geological Survey conducted a study in 1982 on the effect of groundwater
contamination in the area of the gypsum stacks. Arsenic, cadmium, chromium,
fluoride, lead, selenium and silver were present in excess of primary drinking water
standards at AMAX (Ref. 6). A groundwater monitoring plan was submitted to the
FDER in September 1983, issued in September 1985, and withdrawn in October
1985. The company collected and submitted more information, and a second permit
was issued in March 1987. During this monitoring program, elevated levels of
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sodium, sulfate, total dissolved solids (TDS), manganese, and iron were recorded
(Ref. 6).

In October 1990, the Halliburton NUS Environmental Corporation Field
Investigation Team (FIT) conducted a field investigation at the AMAX facility.
During the sampling investigation, a total of 44 environmental samples were
collected. Six surface soil, one gypsum stack, six subsurface soil, nine surface water,
eleven sediment, five groundwater from temporary wells, five groundwater from
existing monitoring wells and one groundwater sample from a private well were
taken. Two sets of surface soil, subsurface soil, and groundwater samples, one
located to the north of AMAX| the other to the east, served to establish background
conditions. See Figures 3, 4 and 5 and Tables 1, 2 and 3 for sample locations.

Surface soil analytical results indicated the presence of numerous metals. Sample
AP-SS-03 contained cadmium (2.6 mg/kg, 3 times MQL) and nickel (5.6 mg/kg, 3
times MQL). Sample AP-SS-05 contained barium (55 mg/kg, 5 times background),
cadmium (4.4 mg/kg, S times MQL), chromium (29 mg/kg, 4 times background),
manganese (95 mg/kg, 4 times background), and nickel (9 mg/kg, S times MQL).
Sample AP-SS-06 contained barium (33 mg/kg, 3 times background), cadmium (3 -
mg/kg, 3 times MQL), chromium (42 mg/kg, 6 times background), and nickel (3.5
mg/kg, 2 times MQL). Selenium was found in sample AP-SS-04 (estimated 4.9
mg/kg, 9 times MQL). Nickel was also found in the gypsum sample, AP-SS-07 (3.9
mg/kg, 2 times MQL). No organic contaminants of concern were found in surface
soil samples, and no contaminants of concern were found in the subsurface soil
samples collected at this site. Soil sample analytical results are presented in Tables
4 and 5.

Metals found in elevated levels in groundwater sample AP-MW-01 included cadmium
(18 ug/L, 6 times MQL) and manganese (220 ug/L, 3 times background). Analytical
results for groundwater samples are presented in Tables 6 and 7.

Sediment samples taken from the cooling pond and the drainage ditch adjacent to
the gypsum stacks both contained elevated levels of metals. Sample AP-SD-09, taken
from the cooling pond, contained chromium (140 mg/kg, 7 times background) and
lead (estimated 85 mg/kg, 5 times background). Sample AP-SD-12, taken from the
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TABLE 1

Sample Codes, Descriptions, Locations, and Rationale

AMAX PHOSPHATE FACILITY

Palmetto, Manatee County, Florida

Surface and Subsurface Soil Samples

SAMPLE
CODE DESCRIPTION LOCATION RATIONALE

AP-SS8-01 Surface Soil Waest side of manatee Airport Road, 2,000 Establish background conditions
feet north of AMAX

AP-$S-02 Surface Soil East of gypsum stacks 50 feet from AMAX Establish background conditions

AP-S85-03 Surface Soil West side of DAP pond, between drainage Determine migration of contami-
ditch and pond nants

AP-SS-04 Surface Soil Southwest corner of chemical plant, west of Determine migration of contami-
fence nants

AP-SS-05 Surface Soil West of cooling pond between drainage ditch | Determine migration of contami-
and rainwater pond. nants

AP-SS-06 Surface Soil Between drainage ditch and cooling pond Determine migration of contami-

nants

AP-SS-07 Gypsum Stack Gypsum stacks Characterize contaminants

AP-SB-01 Subsurface Soil In conjunction with AP-SS-01, collected 4’ Establish background conditions
bls

AP-SB-02 Subsurface Soil In conjunction with AP-SS-02, collected 4’ Establish background conditions
bls

AP-8B-03 Subsurface Soil West DAP pond and drainage ditch, collected | Determine migration of contami-
8’ bls nants

AP-SB-04 Subsurface Soil In conjunction with AP-SS-04, collected 4* Determine migration of contami-
bls nants

AP-SB-05 Subsurface Soil In conjunction with AP-SS-05, collected 10’ Determine migration of contami-
bls nants

AP-SB-06 Subsurface Soil In conjunction with AP-SS-06, collected 4’bls | Determine migration of contami-

nants

Source: Ref. 1

Sample Codes:

AP
SS
sB

pm/SH
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TABLE 2

Sample Codes, Descriptions, Locations, and Rationale

Groundwater Samples
AMAX PHOSPHATE FACILITY
Palmetto, Manatee County, Florida

SAMPLE
CODE DESCRIPTION LOCATION RATIONALE
AP-TW-01 Groundwater In conjunction with AP-SS-01, collected 7’ bls Establish background conditions
AP-TW-02 Groundwater In conjunction with AP-S8-02, collected 4’ bls Establish background conditions
AP-TW-03 Groundwater In conjunction with AP-SS-03, collected 10’ bls Determine migration of contami-
nants
AP-TW-04 Groundwater In conjunction with AP-SS-04, collected 4’ bis Determine migration of contami-
nants
AP-TW-05 Groundwater In conjunction with AP-SS-05, collected 10’ bls Determine migration of contami-
nants
AP-MW- Groundwater Southeast corner of plant, surficial aquifer, 15.2’ Determine migration of contami-
ot’ bls nants
AP-MW- Groundwater East of chemical plant, surficial aquifer, 21.2’ bis Determine migration of contami-
03 nants
AP-MW- Groundwater North of cooling ponds, surficial aquifer, 22.6° bls Determine migration of contami-
04 nants
AP-MW- Groundwater South of Buckeye Road, surficial aquifer, 15.2" bls | Determine migration of contami-
0S5 ' nants
AP-MW- Groundwater Waest of gypsum stack drainage ditch, interme- Determine migration of contami-
06 diate aquifer, 65.5° bls nants
AP-PW-01 Groundwater West of gypsum stacks, 50 feet east of AMAX Determine migration of contami-
nants

Source: Ref. 1

Sample Codes:

AP AMAX Phosphate Facility
MW Groundwater, Monitoring Well
PW Private Well

™ Groundwater, Temporary Well

AP-MW-02 was not collected

pm/SH
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TABLE 3

Sample Codes, Descriptions, Locations, and Rationale
Surface Water and Sediment Samples

AMAX PHOSPHATE FACILITY

Palmetto, Manatee County, Florida

SAMPLE
CODE DESCRIPTION LOCATION RATIONALE
AP-SW-01 Surface Water Little Manatee River 5 miles north of AMAX Establish background conditions
AP-SW Surface Water Cabbage Slough Creek 1.5 miles east of AMAX Establish background conditions
AP-SW-04 Surface Water Southwest corner of AMAX in drainage ditch Determine migration of contami-
downgradient from Qutfalls 001 and 003 nants
AP-SW-05 Surface Water Confluence of drainage ditch and Bishop Creek Determine migration of contami
AP-SW-06 Surface Water Drainage ditch downgradient from OQutfall 002 Determine migration of contami
AP-SW-07 Surface Water | Drainage ditch downgradient from Outfall 002, Determine migration of contami-
east of Highway 41 nants
AP-SW-08 Surface Water Piney Point Creek, 20 feet north of Coun'ty Line Determine migration of contami-
Road nants
AP-SW Surface Water East end of cooling pond Characterize contaminants
AP-SW-11 Surface Water West end of ammonia removal pond Characterize contaminants
AP-SD-01 Sediment In conjunction with AP-SW-01 Establish background conditions
AP-SD-02° Sediment In conjunction with AP-SW-02 Establish background conditions
AP-SD-04 Sediment In conjunction with AP-SW-04 Determine migration of contami
AP-SD-05 Sediment In conjunction with AP-SW-05 Determine migration of contami
AP-SD-06 Sediment In conjunction with AP-SW-06 Determine migration of contami
AP-SD-07 Sediment In conjunction with AP-SW-07 Determine migration of contami
AP-SD-08 Sediment In conjunction with AP-SW-08 Determine migration of contami
AP-SD-09 Sediment In conjunction with AP-SW-09 Characterize contaminants
AP-SD-10 Sediment DAP pond I.)y waste inlet Characterize contaminants
"AP-SD-11 Sediment In conjunction with AP-SW-11 Characterize contaminants
AP-SD-12 Sediment Drainage ditch west of gypsum stacks Determine migration of contami

Source: Ref. 1

Sample Codes:

AP AMAX Phosphate Facility
sD Sediment
PW Surface Water

AP-SW-03, AP-SW-10 and AP-SD-03 were not collected

pm/SH
September 24, 1992
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TABLE 4
Summary of Organic Analytical Results
Surface and Subsurface Soil Samples

AMAX PHOSPHATE FACILITY
Palmetto, Manatee County, Florida

PARAMETERS BACKGROUND ON SITE GYPSUM BACKGROUND ON SITE :
(ug/ig) APSSO1 | ARSS02 | ARSS03 | ARSS04 | APSS05 | ARSS06 | APSSO7 | APSB01 | ARSBO2 | APSBO3 | APSB04 | ARSBOS | ARSBO6

PURGEABLE COMPOUNDS
Toluene l 2) I 2J I - u l 1J I - ] 6U T eu l = I - 1 - ] e
EXTRACTABLE COMPOUNDS
Phenol 890U 720U - - - - 480J - - - - - -
D-N-Butyiphthalate 890U 720U - - 1204 - - - - - - - -
Unidentified Compounds/e(") 8000J/5 | 3000J/2 | &oooJdss | 3000072 | s00004 | 2000472 1000J/1 800J/1 2000J/2 1000J/1
Petroleum Product(") N N

. Dodecanoic Acid(" 2000JN
Hexadecanoic Acid (" 4000JN
PESTICIDE\PCB COMPOUNDS
4,4-DDE(P,P-DDE) 43U 39 - - - - - - - - - - -
4,4-DDT{P-P-DDT) 43U 39 - - - - - - - - - - -
Gamma-Chlordane 220U 45) - - - - - - - - - - -
Alpha-Chlordane 220U 524 - - - - - - - - - - -

Materlal analyzed for but not detected above minimum quantitation limit (MQL).

Estimated value.

Presumptive evidence of presence of material.

Material was analyzed for but not detected. The number given is the MQL.

Tentatively identified compound. This compound is not on Target Compound List and Is reported only as detected in individual samples; MQL not determined.
Shaded cells denote elevated concentrations of contaminants either three times greater than background, or greater than or equal to MQL

CcCZccl

Q)

prvSH
August 4, 1962
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TABLE 5
Summary of Inorganic Analytical Results .
Surface and Subsurface Soil Samples

AMAX PHOSPHATE FACILITY
Palmetto, Manatee County, Florida

PARAMETERS BACKGROUND ON SITE GYPSUM BACKGROUND ON SITE
(mg/kg) APSSO1 | ARSS-02 | ARSS03 | ARSS04 | APSS05 | APSS06 | APSSO7 | ARSBO1 | APSBa2 | APSB-03 [ APSB04 | APSB0S | APSBO6

Aluminum 1600 200 4500 1100 2900 1100 1700 3100
Barium 1 3y 20 3y 1 53 5.6 18
Cadmium 083U 0.63U 0.73U 0.69U - - - -
Calcium 45,000 2100 96,000 9200 1900 130U 600
Chromium 49 6.8 18 - 79 1.4U -
Cobalt 11U 0.84U - - - - - - - -
kon 15004 300J 43004 800J 2700J 460 700J 2500J
Lead 7.4 50 43J u 18J 1.4J 13J 33J
Magnesium 4500 180 1100 2700 190 240 30U 280 - - 390
Manganese 24 19 : - - - - - -
Nickel 1.70 1.3V - - - - - -
Potassium 160U 30U - - - - - -
Selenium 0.55UR 0.42UR - - - - - -
Sodium 280U 30U 60U 30U - -
Vanadium suU w 6U i - - -

Material analyzed for but not detected above minimum quantitation limit (MQL).

Estimated value.

Material was analyzed for but not detected. The number given is the MQL.

Quality Control indicates that data is unusable. Compound may or may not be present.

Shaded cells denote elevated concentrations of contaminants elther three times greater than background, or greater than or equal to MQL.

D C e
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Summary of Organic Analytical Results

TABLE 6

Groundwater Samples
AMAX PHOSPHATE FACILITY

Palmetto, Manatee County, Florida

PRVATE | TRP

PARAMETERS BACKGROUND ON SITE ON SITE MONITORING WELLS WHL | BLANK
() AP-TW01 | AP-TW-02 | AP-TW-03 [AP-TW.04] AR-TW-05| AP-MW.01'| AP-MW-03] AP-MW.04 | AP-MW.05 [ AP-MW-06 | AR-PW.01 | AP-PBO1

PURGEABLE COMPOUNDS

Carbon Disulfide sU 5U - - - - - - - -

Acetaidehyde(!! BN

EXTRACTABLE COMPOUNDS

Benzolc Acid 50U 42 - - - - - - - - - -

Bis (2-Ethythexyl)Phthalate 10U 10U - - - - - - - - -

Diethyimethylbenzamide(" 10N

Butylidenebisdimethylethyimethylphenol(') 20N 20UN 10JN

Octanoic Acid®" SJIN 6JN

Caprolactam(’) 100N TOUN

Unidentified Compounda/nsi") 20J/1 100473

Decanoic Acid (") 5JN

Bis (Hydroxylethyl)Dodecanamidef" 30UN

Tetramethyibutane(" 7N

Estimated value.

CZcll

M

AP-MW-02 was not collected.

pm/SH
July 17, 1062
ANJULEA\AMAX\TABLES

Presumptive evidence of presence of material.
Material was analyzed for but not detected. The number given is the MQL
Tentatively identified compound. This oompound is not on Target Compound List and Is reported only as detected in individual samples MQL not determined.

Material analyzed for but not detected above minimum quantitation limit (MQL).

Shaded cells denote elevated conoonb'atlons of contammams either three t:mes greater than background, or greater than or equal to MQL.

.

. “ - DRI _-":.' T
s e e P AN ST e e LTS -

e




TABLE 7
Summary of Inorganic Analytical Results
Groundwater Samples
AMAX PHOSPHATE FACIUTY

Palmetto, Manatee County, Florida

L e

pVSH
July 20, 1962
ANJULB2\AMAX\TABLET

AP-MW.02 was not collected.
Shaded cells denote elevated concentrations of contaminants e'nher three times greater than background, or greater than or equal to MQL.

PRIVATE | TRIP

PARAMETERS BACKGROUND ON SITE ON SITE MONITORING WELLS walL BLANK

{ug/ ARTWO1 | ARTWO2 | AR-TWO3 | ARTW-04 | ARTWOS | AP-MWO1™ | AP-MW-03 | AP-MW.04 | AP-MW-0S | AP-MW.06 | AR-PW.01 | AP-PB-O1
Aluminum 36,000 260,000 7300 20,000 5600 3400 750 - 1610 - - -
Arsenic 14 53 18 56 - - 30J - - - - -
Barium 110 460 53 210 130 - 120 - 52 - - -
Beryllium 2u 6 - - - - - - - - - -
Cadmium 3uU 3y - - - - - - -
Calcium 91,000 21,000 270,000 75,000 83,000 -
Chromium 78 190 - - - 9 - - -
Cobalt 7 32 - g - - - - - - - -
ron 26,0004 170,000J 27,000J 25,000 2300J 3300J 10,000J 1300J 3200J - - -

- Lead 18 44 - -
Magnesium 20,000 8300 40,000 -
Manganese 70U 70 - -
Nickel 18 89 - -
Potassium 29,000 2900 3700 -
Sodium 28,000 2200 55,000 -
Vanadium 74 170 - - 130 - - - - - - -
Znc 60UJ 130J - - - - - - - - - -

- Material analyzed for but not detected abova minimum quanﬁtaﬁon limit (MQL).
J Estimated value.

N Presumptive evidence of presence of material.

U Material was analyzed for but not detected. The number given is the MQL.

"



lead (estimated 85 mg/kg, 5 times background). Sample AP-SD-12, taken from the
drainage ditch, contained barium (8 mg/kg, 4 times MQL), chromium (76 mg/kg, 4
times background), cobalt (3.4 mg/kg, above MQL), and lead (estimated 59 mg/kg,
4 times background). Cobalt was also found in sample AP-SD-11 (3.9 mg/kg, above
MQL). Analytical results for sediment samples are presented in Tables 8 and 9.

Surface water sample AP-SW-09, taken from the cooling pond, contained elevated
levels of the following metals: beryllium (23 ug/L, 23 times MQL), cadmium (130
ug/L, 43 times MQL), chromium (360 ug/L, 13 times background), cobalt (210 ug/L,
52 times MQL), manganese (4100 ug/L, 37 times background) nickel (690 ug/L, 86
times MQL), and zinc (estimated 1400 ug/L, 11 times MQL). Arsenic was found in
sample AP-SW-11 (49 ug/L, 6 times MQL). Cyanide was found in two samples
taken from the southern drainage pathway: sample AP-SW-07 contained 14 ug/L
(above MQL), and sample AP-SW-08 contained 100 ug/L (10 times MQL). Surface
water analytical results are presented in Tables 10 and 11.

Radium-226, radium-228, and gross alpha analyses were performed on selected soil,
sediment, surface water, and groundwater samples. On-site sample AP-SS-06
contained elevated levels of radium-226 (8.12 pCi/g, 9 times background). The
gypsum sample, AP-SS-07, contained radium-226 (16.5 pCi/g, 18 times background)
and radium-228 (8.10 pCi/g, 14 times background). Elevated levels of radium-226
were also found along the southern drainage pathway in Sample AP-SD-12 (7.36
pCi/g, 8 times background). Surface water taken from the same location, AP-SW-12,
contained radium-226 (1.85 pCi/L, 3 times background). Radionuclide analytical
results are summarized in Tables 12 and 13.

3.0 Groundwater Pathway
3.1 Hydrogeologic Setting
The AMAX Phosphate Facility is located in the Gulf Lowlands subdivision of the
Atlantic (Gulf) Coastal Plain physiographic province and the southeast coastal plain
hydrogeologic setting in northwest Manatee County, Florida (Ref. 3, p. 105). The

major soil types in the area of the facility include the Palmetto, Wabasso, Eau Gallie,

jveo
September 23, 1992
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TABLE 8

Summary of Organic Analytical Results - Sediment Samples
AMAX PHOSPHATE FACILITY
Palmetto, Manatee County, Florida

SOUTHERN DRAINAGE
PARAMETERS BACKGROUND PATHWAY NORTHERN DRAINAGE PATHWAY ON SITE
(ug/ko) ARSDO1 [ AP-SD02" | APSD04 | ARSDO5 | ARS

PURGEABLE COMPOUNDS
Acetone 13U 31y - - 26 -
Carbon Disulfide 6U 10J - - - - - - - - -
Trimethylbicycioheptane® 30N
Methyl (Msthylethyl)Benzene(" ' 200N
Unidentified Compounds/N+®" 2011
EXTRACTABLE COMPOUNDS
Phenol 840U 2100 G000
Benzolc Acid 4100U 10,000U - - - - - - 690J - -
Acenaphthene 840U 2100U - - - 140J - - - - -
Phenanthrene 580J 2100U - 7504 - 760J - - - - -
Anthracene 140J 2100U - - - 190J - - - - -
Di-N-Butylphthalate 840U 2100U - - - - - - - 150J - _.
Fluoranthene 1400 2100V - - - 3200 - - - - - “
Pyrene 7504 2100U - 720U - 1600 - - - - -
Benzylbutylphthalate 840U 2100U - - - - 210J - - - - -
Benzo (A)Anthracene 330J 2100U - 1200 - 4904 - - - - - y
Chrysene 500.J 2100V - 420J - 710J - - - - - v
Bis (2-Ethythexyl)Phthalate 840U 2100U - - - - - - - - -
Benzo (B and/or K)Fluoranthene 440J 2100V - 270) - 470J - - - - -
Benzo (A)Pyrene 380J 2100V - 210J - 350J - - - - - e
indeno(1,2,3-CD)Pyrene 220J 2100U - - - 140J - - - - - H
Benzo (GHI)Perylene 210J 2100U - - - - - - - - - ¥
Unidentified Compoundg/Ns 2000J/2 |50,000/15{ 2000J/1 | 3000J/3 - 20,000J/5 | 20,0000/7 | 5000472 | 30,0004/4 | 50,000J/17 | 3000J/2
Petroleum Product( N N N RY
Dodecanoic Acid (") 1000JN | 20,000JN 3
Hexadecanolc Acid(! 600N | 1000JN 500UN 1000JN &
Anthracenedione(" 300N jid
Benzofluorene(") 300N 300JN Y
Benzofluoranthene(Not B or K) 200JN 1
Benzacephenanthrylens(" S00JN B [
Tetrahydrodimethyl(Methyethyl)Naphthalenef" 2000JN 500JN i
Naphthalenol(") Y 1000JN
Heptadecanolc Acid! ' : 400JN x
Octadecanoic Acid (" : : 800JN 4000JN ‘i*
Phenylethanone(" _ 3000JN
Tetradecanoic Acid" 700JN ‘-
Phenyttricyciononadienol 2000JN £
Diphenylpropanedione , - 6000JN &
PESTICIDE/PCB COMPOUNDS N
PCB-1248(AROCLOR 1248) | 200 | soou | - | - | - | - "1 @8 | - | -1 - 1 = 5

- Material analyzed for but not detected above minimum quantitation limit (MQL). i

J Estimated value. : ‘ . ki

N Presumptive evidence of presence of material. e

u Material was analyzed for but not detected. The number given is the MQL." 4

1) Tentatively identified compound. this compound Is not on Target Compound List and is reported only as detected in individua! samples; MQL not determined. J
* R

AP-SD-03 was not collected. :
Shaded cells denote elevated concentrations of contaminants either three times greater than background, or greater than or equal to MQL. i

July 17, 1962 o
ANJULSZ\AMAX\TABLES W




TABLE 9
Summary of Inorganic Analytical Results
Sediment Samples
AMAX PHOSPHATE FACILITY
Palmetto, Manatee County, Florida

SOUTHERN DRAINAGE
PARAMETERS BACKGROUND PATHWAY NORTHERN DRAINAGE PATHWAY ON SITE
{mg/iag) APSDO1 | ARSDO2 | ARSD-04 | ARSD05 | ARSD0S | ARSDO7 | ARSD0B | APSD09 | ARSD-10 | ARSD-11 | ARSD-12
Aluminum 380 10,000 530 1300 1100 1000 850 21,000 4400 300 12,000
Barium 2U 80 19 75 52 13 13 110 72 16 64
Cadmium 0.71U 1.9V - - - - -
Calcium 1400 38,000 2000 3100 8400 27,000 7200
Chromium 1.4V 20 - 28 24 6.1 66
Cobalt 095U 3U - - - - -
Copper auJ 62J - - - - -
ron 440J 11,000J 830J 1600J S000J 6400J 2100
Lead 28J 164 1.1J : 1.7d 114 15J
Magnesium 200 2500 82 1100 170 200 520
Manganese 2U 63 - - 26 2 -
Nickel 1.4U 6.7 - - 23 27 -
Potassium 60U 270U - - - - -
Sodium 350U 290U - - - -
Vanadium 11U 20U - - - - -

Material analyzed for but not detected above minimum quantitation limit (MQL).
Estimated value.

Presumptive evidence of presence of materhll.'.
Material was analyzed for but not detected. The number given is the MQL.
AP-SD-03 was not collected.

Shaded cells denote elevated concentrations of contaminants either three times greater than background, or greater than or equal to MQL.

J
N
U

pm/SH
July 20, 1962
ANJULB2\AMAX\TABLED
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TABLE 10
Summary of Organic Analytical Results
Surface Water Samples

AMAX PHOSPHATE FACILITY
Palmetto, Manatee County, Florida

1Y

T S

NORTHERN DRAINAGE
PARAMETERS BACKGROUND PATHWAY SOUTHERN DRAINAGE PATHWAY ON SITE

(wg/n) ARSwWo1 | Answa2’ | Arswos | ARSWOS | APSWos | ARSwoO7 | APSW08 | ARSWOS | ARSW-11

PURGEABLE COMPOUNDS

Carbon Disulfide

sU

5U

Tetramethyibutane(*)

8JN

EXTRACTABLE COMPOUNDS

Unidentified Compounds/Ne(")

100J/3

60J/4

Bromacil ¥

4JN

4JN

Hexadecanoic Acid "

10JN

I g

Hydroxymethoxybenzaldehyde("

Petroleum Product(")

Tetradecanoic Acid("

7JN

PESTICIDES/PCBs

Endosulfan Sulfate

024

Estimated value.

C Z ot

)

pm/SH
July 20, 1892
ANJULB\AMAX\TABLE10

Presumptive evidence of presence of material.
Material was anatyzed for but not detected. The number given is the MQL

Tentatively identified compound. This compound is not on Target Compound List and Is reported only as detected in individual samples; MQL not determined.
AP-SW-03 and AP-SW-10 were not collected.

Shaded cells denote elevated concentrations of contaminants either three times greater than background, or greater than or equal to MQL.

Material analyzed for but not detected above minimum quantitation limit (MQL).
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TABLE 11
Summary of Inorganic Analytical Results
Surface Water Samples
AMAX PHOSPHATE FACILITY
Palmetto, Manatee County, Florida

prVSH
Juy 186, 1962

- NORTHERN DRAINAGE
PARAMETERS BACKGROUND PATHWAY SOUTHERN DRAINAGE PATHWAY ON SITE
(g/n) APSWO1 | ARswo2' | ARSwo4 | APSwos | APSwos | arswor | Arswos | ARSwo9 | APswt
Aluminum 340U 16,000 - - - -
Arsenic SU 8u - - - -
Barium 20U 120 - 29 - -
Beryliium 7] U - - - -
Cadmium 3u 3u - - - -
Calcium 61,000 170,000 160,000 160,000 150,000 180,000
Chromium 6U 28 - - - -
Cobalt 4U 4U - - - -
kon 350UJ 14,0004 - - - - - 29,000J
Lead 5 14 - - - - -
Magnesium 140,000 46,000 58,000 220,000 66,000 59,000 42,000
Manganese 20U 110 - - - - 52
Nickel 6U 8u - - - - -
Potassium 47,000 13,000 16,000 68,000 3700 5300 6800
Sodlum 1,100,000 68,000 110,000 | 1,500,000 42,000 100,000 69,000
Thallium 10UR 10UR - - - - -
Vanadium 4u 30U - - - - -
Zinc 40UJ 130U - - - - -
Cyanide 10U 10U - - - -

Estimated value.

J
N
U

AN\JULB2\AMAX\TABLE T ¢

Presumptive evidence of presence of material.
Material was anatyzed for but not detected. The number given is the MQL
AP-SW-03 and AP-SW-10 were not‘collected.
Shaded celis denote elevated concentrations of contaminants efther three times greater than background, or greater than or equal to MQL

Material anatyzed for but not detected above minimum quantitation limit (MQL).
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TABLE 12
Summary of Radionuclide Concentrations
Soil Samples
AMAX PHOSPHATE FACIUITY
Palmetto, Manatee County, Florida

BACKGROUND | ONSITE | GYPSUM | BACKGROUND | NORTHERN | SOUTHERN
pCyg)™ ARSSO1 APSSO08 | ARSSO7 APSDO1 ARSD-06 APSD12
089 036+ 076+
Radhum-226 5.00% 7.00% 5.00%

056 085= 038=
Radlum-228 153% 115% 256%

(1)  Results are for dry soil.
Shaded cells denoted elevated concentrations of radiation, three times greater than background levels.

pm/SH
July 17, 1962
A\JULS2\AMAX\TABLE 12
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TABLE 13

Summary of Radionuclide Concentrations
Water Samples

AMAX PHOSPHATE FACIUTY
Palmetto, Manatee County, Florida .

SOUTHERN
PARAMETERS | BACKGROUND MONITORING WHELLS BACKGROUND | DRAINAGE
Pren) APTWO1 APMW-G3 | APMW-06 AP-SW01 ARSW12
732+ 164= 1132 054+
Radium-226 2.00% 1.00% 3.00% 4.00%
5 243+ 176+ 053+ 053 029+
Radium-228 87.5% 64.6% 81.0% 85.8% 182%
538+ 446« 175+ 504+ 530+
Gross Alpha 21.6% 42.4% 169% 235% 833%

Shaded cslis denoted elevated concentrtions of radiation, three times greater
than background levels.



and Bradenton fine sands and the Chobee loamy fine sand which are slow to
moderately permeable soils that are poorly drained (Ref. 16).

The facility is underlain by Miocene to Recent undifferentiated surficial sands, sandy
limestone, and shells whose composition may vary laterally and vertically. These
undifferentiated surficial deposits range between approximately 1 to 35 feet thick,
and comprise the unconfined surficial aquifer system (Refs. 3, p. 129; 17, p. 62). The
average depth to the water table in the area of the facility ranges between 4 and 10
feet below land surface (bls) (Ref. 9). The water table forms a subdued replica of
the topographic surface in the area. Seasonal fluctuations of water levels in the
surficial aquifer are generally less than 10 feet and are very dependent upon the
availability of water (Ref. 3, p. 29). The vertical hydraulic conductivities of the
surficial aquifer range from 4.2 x 107° to 4.6 x 10° centimeters/second (cm/s) (Ref.
3, p. 35).

The Miocene Hawthorne Group underlies the surficial aquifer system. The
Hawthorne Group is located between 1 to 35 feet bls and ranges between 350 and
400 feet thick in the area below the AMAX facility (Refs. 3, p. 129; 17, p. 62). The
Arcadia Formation and the Tampa Member of the Arcadia Formation comprise the
Hawthorne Group in the area of the facility (Ref. 17, p. 62). The Arcadia Formation
consists of limestone and dolostone containing varying amounts of quartz sand, clay,
and phosphate grains. Sand and clay lenses are interspersed irregularly throughout
the formation. The Arcadia Formation is approximately 220 feet thick in the area
of the facility (Ref. 17, p. 62).

The Tampa Member of the Arcadia Formation is composed primarily of limestone
with minor dolomite, sands, and clays. The Tampa Member is approximately 135
feet thick in the area of the facility. Sand and clay lenses also appear occasionally
within the Tampa Member.

The Hawthorne Group acts as an upper confining unit for the underlying Floridan
Aquifer System. The rocks that comprise the upper confining unit vary greatly in
lithology and are complexly interbedded.

jvso
Scptember 23, 1992
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The Oligocene Suwanee Limestone underlies the Hawthorne group. The Suwanee
Limestone is composed of hard, yellow to creamy, fossiliferous limestones. The
upper part of the Suwanee Limestone contains thin, discontinuous chert lenses; the
basal portion is interbedded with quartz sand and dolomite. The Suwanee Limestone
ranges up to approximately 300 feet thick (Refs. 3, p. 28; 12, pp. B-32,B-33).

The Eocene Ocala Limestone underlies the Suwanee Limestone. The Ocala
Limestone consists of the Crystal River Member, the Williston Member, and the
Inglis Member. All three members consist of cream to fossiliferous limestone
interbedded with chert beds. The Inglis Member of the Ocala Limestone often
contains gray to brown dolomite. The Ocala Limestone ranges between 300 and 600
feet thick (Refs. 3, p. 28; 12, p. B-30).

The Eocene Avon Park Formation underlies the Ocala Limestone. The Avon Park
Formation consists of brown fossiliferous limestone. The upper portion of the Avon
Park Formation occasionally contains layers of carbonaceous material or peat, and
the basal portion may contain evaporite lenses. The Avon Park Formation may be
greater than 1,000 feet thick (Refs. 3, p. 28; 18, pp. B-25,B-27).

The Lower Eocene Oldsmar Formation underlies the Avon Park Formation. The
Oldsmar Formation consists of micritic to finely pellital limestone thinly interbedded
with fine to medium crystalline, vuggy dolomite. The basal portion of the formation
is usually more extensively dolomitized than the upper portion and contains pore-
filling gypsum deposits and thin beds of anhydride. The Oldsmar Formation and
other lower Eocene carbonate rocks are approximately 1,500 feet thick (Ref. 18, p.
B-28). '

The Floridan Aquifer System is a vertically continuous sequence of carbonate rocks
of generally high permeability that ranges from late Paleocene to early Miocene age.
Less permeable carbonate rocks separate the aquifer system into the Upper and
Lower Floridan aquifers (Ref. 18, p. B-45). The Upper Floridan aquifer is composed
of the lower portion of the Tampa Member of the Arcadia Formation (Hawthorne
Group), the Suwanee Limestone, the Ocala Limestone, and the Avon Park
Formation (Ref. 18, pp. B-45, B-47). The top of the Floridan aquifer ranges from
357 to 400 feet bls in the area of the facility (Ref. 17, p. 62). The Upper Floridan

e
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aquifer is approximately 1,250 feet thick. The base of the Upper Floridan aquifer
is located at approximately -1,650 amsl. The Avon Park Formation is the deepest
potable, water-bearing formation in the Upper Floridan aquifer (Ref. 3, p. 28).

3.2 Groundwater Targets

Within a four mile radius of the AMAX facility, the majority of the population in
Manatee county obtain potable water from the Manatee County Water Department.
The water department obtains its water from Lake Manatee which is not on the
surface water migration pathway. The residents of Hillsborough County receive
water from either private or community wells (Refs. 9, 19, 20, 21). A house count
using topographic maps indicates that there are 312 residences within 4 miles of the
site using water obtained from private wells. Assuming there are 2.51 persons per
residence in Hillsborough County, there are approximately 783 persons using private
wells (Refs. 2, 22). The nearest private well is located approximately 0.43 mile north
of the facility (Ref. 2). The vast majority of these wells are completed in the surficial
aquifer. Groundwater is also used for irrigation of farms and groves (Ref. 19).

3.3 Groundwater Conclusions

Because numerous people obtain their potable water from wells located near the site,
the groundwater pathway may warrant some concern. However, the latest sampling
has not shown any contamination in nearby private wells.

4.0 Surface Water Pathway

4.1 Hydrologic Setting

Surface water runoff from the facility is directed into a ditch system surrounding the
waste source areas. These ditches, which accept process and nonprocess water,
eventually drain into two canals, one to the north and one to the south, running
parallel to Buckeye Road. Formerly, two outfalls, 001 and 003 for nonprocess and

Jveo
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process water respectively, emptied approximately one mile southwest into the later
canal. This canal also receives drainage from the agricultural land to the west. This
canal flows east under US Highway 41 for about 2,000 feet where it converges with
a railroad canal. This canal enters a creek leading to Bishop Harbor one mile west
of the site, and Bishop Harbor flows into Tampa Bay one mile downstream of this
point. Outfall 002, currently in use, handles nonprocess water and enters a canal on
the northern side of the site. This canal also flows west under US Highway 41 and
into Piney Point Creek 2,500 feet from the AMAX facility. The creek converges with
Tampa Bay two miles to the northwest of the facility (Ref. 1). In addition, the area
- surrounding the plant is composed of a large number of wetlands which may accept
drainage from the site. Eventually, these wetlands drain into small creeks that either
flow towards Tampa Bay to the west, or the Little Manatee River five miles to the
north (Ref. 2). This river also drains into Tampa Bay. The AMAX facility is located
in the 100 year floodplain (Ref. 23).

4.2 Surface Water Targets

The Manatee County Water Department obtains water from Lake Manatee, which
is not on the surface water migration pathway. The remainder of the people obtain
potable water from private or community wells. There are no intakes along the
surface water migration pathway (Ref. 9).

As was mention in Section 4.1, the area surrounding the plant is composed of a large
number of wetland areas. There are at least eight miles of wetlands frontage along
the surface water pathway (Ref. 2). The federally endangered Florida manatee
(Trichechus manatus) is often sighted in the Little Manatee River. A critical habitat
for this species is located 6.5 miles from the plant (Ref. 11, p. 12-17). The
Mississippi sandhill crane which is also a federally endangered species, uses the
Tampa Bay area as a habitat. People often fish in Bishop’s Creek which accepts
runoff from the canal south of the AMAX facility. Bishop’s Harbor is often used for
recreational fishing. The Tampa Bay area supports additional recreational activities
such as boating and swimming (Ref. 9).

jvao
Seprember 23, 1992
ANuly92SH\FTTMAMAX.SIP ' 11



4.3 Surface Water Conclusions

During flooding, the migration of contaminants from the site to the surface water
system would be enhanced due to the site being in the 100 year floodplain and the
presence of the drainage ditches located to the north and south of the facility.
Bishop’s Creek and Bishop’s Harbor, located 0.25 mile and 1.0 mile from the site
respectively, are fisheries within the 15-mile surface water pathway. The Mississippi
sandhill crane, a federally endangered species, uses Tampa Bay, located about 2
miles east of the site, as habitat.

5.0 Soil Exposure and Air Pathways

5.1 Physical Conditions

The area to the west of AMAX is predominantly industrial with Port Manatee 1.5
miles to the west. There is a landing strip, Manatee Airport, directly to the north.
The area immediately to the south consists of a citrus grove. To the west there is a
cattle ranch and turf farm. The area surrounding the facility is also composed of a
large concentration of wetlands. The AMAX facility is located on approximately 670
acres and includes sulfuric acid, phosphoric acid, and ammonia fertilizer plants as
well as a gypsum siack/cooling pond complex. During the investigation by
Halliburton NUS, stressed vegetation was present along the plant’s borders. Large
volumes of smoke were also seen emitting from the plants stacks (Ref. 24).

5.2 Soil and Air Targets

The closest neighbors to the AMAX facility are located in four trailers approximately
50 feet to the east of the gypsum stacks. The total population within a four mile
radius is 3,893 with the following distribution: 69 people between 0 and 0.25 mile, 58
people between 0.25 and 0.50 mile, 200 people between 0.50 and 1 mile, 699 people
between 1 and 2 miles, 221 people between 2 and 3 miles, and 2,666 people between
3 and 4 miles (Refs. 2, 22, 25)1. There are no schools within four miles of the facility
(Refs. 2, 25). There are approximately 15 acres of wetlands onsite and another 50
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acres within 0.5 mile of the site (Ref. 2). There are no recorded terrestrial federally
endangered species within 4-mile radius of the site (Ref. 11).

5.3 Soil Exposure and Air Pathway Conclusions

The majority of the facility is fenced. However, the southern boundary is not fenced,
and there are people living only 50 feet from the gypsum stacks. Therefore, there is
some possibility for contaminants to spread.

6.0 Summary and Conclusions

The AMAX Phosphate Facility was assessed to identify potential threats posed to
human health and the environment and to determine the need for additional
investigation. There are approximately 783 potential groundwater users within four
miles of the site; however, no contamination has been detected in samples from
nearby private wells. There are also several miles of wetlands along the surface
water pathway, as well as the occurrence of federally endangered species. Because
there has been no observed release to the surface water pathway, these targets are
only subject to potential contamination. From the information gathered in the study,
no further action is recommended for the AMAX Phosphate Facility Site.
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CONFIDENTIAL
Hazard Ranking System Preliminary Score
AMAX PHOSPHATE FACILITY
Palmetto, Manatee County, Florida

This preliminary score was calculated using the HRS rule and the November 6, 1991
Draft SI Worksheets. The groundwater, surface water, soil exposure, and air
migration pathways were evaluated using data from a sampling inspection conducted
by the Halliburton NUS Corporation during the Weeks of October 16, 1990. Table
4 through 13 in the Site Inspection Prioritization (SIP) report summarize the
analytical results.

A hazardous waste quantity of 1,000,000 was assigned using the total area of the
surface impoundments (110 acres) and the area under the gypsum piles (253 acres).

The groundwater pathway score contributes significantly to the site score. There was
an observed release to groundwater, as documented by sampling of onsite monitoring
wells. There was no observed contamination of nearby private wells.

The surface water pathway provides a moderate contribution to the overall score.
There are no surface water intakes along this pathway, there are several miles of
wetlands and federally endangered species along the pathway. There is also
recreational fishing. No observed releases have been documented in this pathway,
and dilution weights farther reduce the score.

Surface soil samples taken onsite document contaminated soil onsite at the AMAX
Phosphate Facility. Access to most of the site is restricted, and the nearby population
is low. Therefore, this pathway is of minor concern.

The air pathway is also of little concern. The nearest individual is approximately 50
feet from the gypsum stacks, and the 20 points assigned for "nearest individual”
provide the greatest contribution to this score.

HRS SCORE SUMMARY

Pathway Score
Groundwater 38.67
Surface Water 19.14
Soil Exposure 8.67
Air 13.56
Overall Score 23.03

Based on the above information, no further action is recommended for this site.



Site Name: AMAX Phosphate Facility

Location: Palmetto, Manatee County, Florida

GROUND WATER MIGRATION PATHWAY SCORESHEET

FACTOR CATEGORIES AND FACTORS

Likelihood of Release to an Aquifer

Maximum Value

Value Assigned

=

LAl o

=~

10.
11.

Observed Release
Potential to Release
2a. Containment
2b.  Net Precipitation
2c.  Depth to Aquifer
2d.  Travel Time
2e.  Potential to Release
[lines 22 x (2b + 2c + 2d)]
Likelihood of Release (higher of lines 1 and 2¢)

Waste Characteristics

Toxicity/Mobility
Hazardous Waste Quantity
Waste Characteristics

Targets

Nearest Well

Population

8a. Level I Concentrations

8b. Level II Concentrations

8c.  Potential Contamination

8d. Population (lines 8a + 8b + 8¢)
Resources

Wellhead Protection Area

Targets (lines 7 + 8d + 9 + 10)

Ground Water Migration Score for an Aquifer

Aquifer Score
[(lines 3 x 6 x 11)/82,500]°

Ground Water Migration Pathway Score

Pathway Score (S,,), (highest value
from line 12 for all aquifers evaluated)®

Maximum value applics to waste characlerislics catcgory.
Maximum value not applicable.
Do not round to nearest integer.

550

10
10

5
35

500
550

[ -

8

0‘8010'0‘0'0'

100

100

550

550

100

8

38.67




Site Name: AMAX Phosphate Facility

Location: Palmetto, Manatee County, Florida

SURFACE WATER OVERLAND/FLOOD MIGRATION COMPONENT SCORESHEET

Factor Categories and Factors

Maximum Value

Value Assigned

DRINKING WATER THREAT

Likelihood of Release

1. Observed Release
2. Potential Release by Overland Flow
2a. Containment
2b. Runoff
2c.  Distance to Surface Water
2d. Potential to Release by Overland Flow
[Lines 2a x (2b + 2¢)]
3. Potential to Release by Flood
3a. Containment (Flood)
3b. Flood Frequency
3c.  Potential to Release by Flood
(lines 3a x 3b)
4. Potential to Release
(lines 2d + 3c, subject to a maximum of 500)
5. Likelihood of Release (higher of lines 1 and 4)

Waste Characteristics

6. Toxicity/Presistence
7. Hazardous Waste Quantity
8. Waste Characteristics

Targets

9. Nearest Intake
10. Population
10a. Level I Concentrations
10b. Leve! II Concentrations
10c. Potential Contamination
10d. Population (lines 10a + 10b + 10c)
11. Resources
12. Targets (lines 9 + 10d + 11)

Drinking Water Threat Score

13. Drinking Water Threat Score
[(tines 5 x 8 x 12)/82,500, subject to a
maximum of 100)

50

T uwvwoooao

100

Blwls

Bls

&

3

10,000

108

100

wijojojo|e

291




Site Name: AMAX Phosphate Facility

Location: Palmetto, Manatee County, Florida

SURFACE WATER OVERLAND/FLOOD MIGRATION COMPONENT SCORESHEET

(continued)
Factor Categories and Factors Maximum Value Value Assigned
HUMAN FOOD CHAIN THREAT
Likelihood of Release
14, Likelihood of Release (same value as line 5) 550 480
Waste Characteristics
15. Toxicity/Persistence/Bioaccumulation a 5x10°
16. Hazardous Waste Quantity a 10°
17.  Waste Characteristics 1,000 1000
Targets
18. Food Chain Individual 50 2
19. Population :
19a. Level I Concentrations b 0
19b. Level II Concentrations b 0
19¢c. Potential Human Food Chain
Contamination b 0.03
19d. Population (lines 19a + 19b + 19c¢) b 2.03
20. Targets (lines 18 + 19d) 2.03
Human Food Chain Threat Score
21. Human Food Chain Threat Score [(lines 14 x 17
x 20)/82,5000, subject to a maximum of 100) 100 11.81
ENVIRONMENTAL THREAT
Likelihood of Release
22. Likelihood of Release (same value as line 5) 550 480




Site Name: AMAX Phosphate Facility

Location: Palmetto, Manatee County, Florida

SURFACE WATER OVERLAND/FLOOD MIGRATION COMPONENT SCORESHEET

(continued)

Factor Categories and Factors Maximum Value Value Assigned

ENVIRONMENTAL THREAT, (concluded)
Waste Characteristics
Ecosystem Toxicity/Persistence/Bioaccumulation a 5x10°

Hazardous Waste Quantity a 10°
Waste Characteristics 1,000

1000

Sensitive Environments
26a. Level I Concentrations b
26b. Level II Concentrations b
26¢. Potential Contamination b
26d. Sensitive Environments :

(lines 26a + 26b + 26¢) b 0.76

(=1 L=

0.76

Targets
27. Targets (value from line 26d)

0.76

Environmental Threat Score

28. Environmental Threat Score
[(lines 22 x 25 x 27)/82,500,
subject to a maximum of 60] 60

4.42

SURFACE WATER OVERLAND/FLOOD MIGRATION COMPONENT SCORE FOR A WATERSHED

29. Watershed Score® (lines 13 + 21 + 28,
subject to a miximum of 100) 100

16.23

SURFACE WATER OVERLAND/FLOOD MIGRATION COMPONENT SCORE

30. Component Score (S.;)° (highest score from
line 29 for all watersheds evaluated, subject
to a maximum of 100) 100

19.14

. Maximum value applies to waste characteristics category.
Maximum value not applicable.
¢ Do not round 10 nearest integer.



Site Name: AMAX Phosphate Facility

Location: Palmetto, Manatee County, Florida

SOIL EXPOSURE PATHWAY SCORESHEET

Factor Categories and Factors Maximum Value Value Assigned

RESIDENT POPULATION THREAT

Likelihood of Exposure

1. Likelihood of Exposure 550 550

Waste Characteristics

2. Toxcity a 10,000

3. Hazardous Waste Quantity a 10°

4, Waste Characteristics 100 100
Targets

5. Resident Individual 50 0

6. Resident Population
6a. Level I Concentrations b 0
6b.  Level II Concentrations b 0
6¢c.  Resident Population (lines 6a + 6b) b 0

7. Workers 15 10

8. Resources 5 0

9. Terrestrial Sepsitive Environments c 0

10. Targets (linesS + 6c + 7 + 8 + 9) b 10
Resident Population Threat Score

11. Resident Population Threat
(lines 1 x 4 x 10)/82,500 b 6.67

NEARBY POPULATION THREAT
Likelihood of Exposure

12, Attractiveness/Accessibility 100 5

13. Area of Contamination 100 100

14. Likelihood of Exposure 500 50
Waste Characteristics

15. Toxicity a 10*

16. Hazardous Waste Quantity a 10°

17. Waste Characteristics 100 100




Site Name: AMAX Phosphate Facility

Location: Palmetto, Manatee County, Florida

SOIL EXPOSURE PATHWAY SCORESHEET

(contiued)
Factor Categories and Factors Maximum Value  Value Assigned
NEARBY POPULATION THREAT, (continued)
Targets
18. Nearby Individual 1 1
19. Population Within 1 Mile b 2.7
20. Targets (lines 18 +19) - b 3.7
Nearby Population Threat Score
21. Nearby Populatign Threat (lines 14 x 17 x 20) b 0.22
SOIL EXPOSURE PATHWAY SCORE Nearby Population Threat: 2
. (Default Value)
22.  Soil Exposure Pathway Score? (S,), (lines [11 + 21]
subject to a maximum of 100) 100 8.67

Maximum value applies to waste characteristics category.
Maximum value not applicable.

o 0o oo

Do not round to nearest integer.
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No specific maximum value applies to factor. However pathway score based solely on sensitive environments is limited to maximum of 60.



Site Name: AMAX Phosphate Facility

Location: Palmetto, Manatee County, Florida

AIR MIGRATION PATHWAY SCORESHEET

FACTOR CATEGORIES AND FACTORS

Likelihood of Release Maximum Value  Value Assigned
1. Observed Release 550 0
2. Potential to Release
2a.  Gas Potential to Release 500 190
2b.  Particulate Potential to Release 500 340
2c.  Potential to Release (higher of lines 2a and 2b) 500 340
3. Likelihood of Release (higher of lines 1 and 2¢) a 340

Waste Characteristics

4. Toxicity/Mobility a 1000
5. Hazardous Waste Quantity a 10°
6. Waste Characteristics 100 100
Targets
7. Nearest Individual 50 20
8. Population
8a. Level I Concentrations b 0
8b. Level II Concentrations b 0
8c.  Potential Contamination b 5
8d. Population (lines 8a + 8b + 8¢) b 5
9. Resources 5 5
10. Sensitive Environments
10a. Actual Contamination c 0
10b. Potential Contamination c 29
10c. Sensitive Environments (lines 10a + 10b) c 29
11. Targets (lines 7 + 8d + 9 + 10c) b 32.9
Air Migration Pathway Score
12. Pathway Score (S,)
[(lines 3 x 6 x 11)/82,500]° 100 13.56

Maximum value applies to waste characteristics category.
Maximum value not applicable.
No specific maximum value applies to factor. However pathway score based solely on sensitive environments is limited to maximum of 60.

Do not round to nearest integer.

a o o s



REFERENCE 1

Ottt

Y

FINAL REPORT
SITE INSPECTION
AMAX PHOSPHATE FACILITY

PALMETTO, MANATEE COUNTY, FLORIDA
EPAID #. FLD043055151

Prepared Under
TDD No. F4-9009-01
Contract No. 68-01-7346

Revision 0

FOR THE

WASTE MANAGEMENT DIVISION
U.S. ENVIRONMENTAL PROTECTION AGENCY

JUNE 24, 1991

HALLIBURTON NUS ENVIRONMENTAL CORPORATION
SUPERFUND DIVISION

Prepared By Reviewed 8y Approved By
\ _
eborah Kristiansen for Greg Schank F/’gli Bé’g é%e"
Maureen M. Gordon, Ph.D. Assistant Regional Regional Project Manager
Project Manager Project Manager and

Professional Geologist



NOTICE

The information in this document has been funded wholly by the United States Environmental
Protection Agency (EPA) under Contract Number 68-01-7346 and is considered proprietary to the

EPA.

This information is not to be released to third parties without the expressed or written consent of

the EPA.



TABLE OF CONTENTS

Section No.

EXECUTIVE SUMMARY

1.0 INTRODUCTION

1.1 Objectives

1.2 Scope of Work

2.0 SITECHARACTERIZATION
2.1 Site History

2.2  Site Description

3.2

33

4.0

4.1

4.2

5.0

2.2.1 Site Features
2.2.2 Waste Characteristics

REGIONAL POPULATIONS AND ENVIRONMENTS
Population and Land Use

3.1.1 Demography

3.1.2 Land Use

Surface Water

3.2.1 Climatology

3.2.2 Overland Drainage

3.2.3 Potentially Affected Water Bodies
Groundwater

3.3.1 Hydrogeology

3.3.2 Aquifer Use

FIELD INVESTIGATION

Sample Collection

4.1.1 Sample Collection Methodology

4.1.2 Duplicate Samples

4.1.3 Description of Samples and Sample Locations
4.1.4 Field Measurements

Sample Analysis

4.2.1 Analytical Support and Methodology

4.2.2 Analytical Data Quality and Data Qualifiers
4.2.3 Presentation of Analytical Results

SUMMARY

REFERENCES

APPENDIXA Topographic Map
APPENDIXB  Analytical Data
APPENDIXC Site Inspection Report

Page

ES-1

— ot



Number

Table 1
Table 2
Table 3

Table 4
Table 5
Table6
Table 7
Table 8
Table9
Tabile 10
Table 11
Table 12
Table 13
Table 14

Figure 1
Figure 2
Figure 3
Figure 4
Figure5

TABLES

Sample Codes, Descriptions, Locations, and Rationale

Soil Samples

Sample Codes, Descriptions, Locations, and Rationale
Groundwater Samples

Sample Codes, Descriptions, Locations, and Rationale

Surface Water and Sediment Samples

Field Measurements

Organic Analytical Results - Surface and Subsurface Soil Samples
Inorganic Analytical Results - Surface and Subsurface Soil Samples
Organic Analytical Results - Groundwater Samples

Inorganic Analytical Results - Groundwater Samples

Organic Analytical Resufts - Sediment Samples

Inorganic Analytical Results - Sediment Samples

Organic Analytical Results - Surface Water Samples

Inorganic Analytical Results - Surface Water Samples

Summary of Radionuclide Concentrations in Soil Samples
Summary of Radionuclide Concentrations in Soil Samples

FIGURES

Site Location Map

Site Layout Map

Soil Sample Location Map

Groundwater Sample Location Map
Sediment and Surface Water Location Map

16

17

18
24
26
27
28
29
31
34
35
36
38
39

20
21
22



EXECUTIVE SUMMARY

The AMAX Phosphate Facility is located on approximately 670 acres, 6 miles north of Palmetto,
Manatee County, Florida. Operations began at this facility in 1966. Currently, it is owned and
operated by Royster Phosphates, Inc. Phosphate ore is transported to the facility, where it is
converted to phosphoric acid and diammonium phosphate. Along with a gypsum/cooling pond
complex, AMAX consists of sulfuric acid, phosphoric acid, and ammoniated fertilizer plants.

The potential for pollution of air and water are inherent in the production and use of fertilizers. The .
plant's process water has a low pH with a high concentration of inorganic by-products. In addition to
high levels of radioactive particle emissions (including mostly uranium-236, uranium-238,
radium-226), there are also elevated concentrations of arsenic, cadmium, chromium, lead, sodium,
fluoride, manganese, iron, sulfate, and total dissolved particles. Also, air contamination from
escaping dust and fumes from the plant’s stacks can transmit airborne particulate pollutants and

by-products. Additionally, the low pH of the process water causes the reaction of acid with fluoride

impurities to produce gaseous hydrogen fluoride.

AMAX Phosphate is located in the Gulf Central Lowlands subdivision of the Atlantic (Gulf) Coastal
Plain physiographic province and the southeast coastal plain hydrogeologic setting in northwest
Manatee County, Florida. The facility is underlain by Miocene to Recent undifferentiated surficial
sands, sandy limestone, and shells. These undifferentiated surficial deposits are 1 to 35 feet thick with
an average depth to groundwater of 4 to 10 feet below land surface. The Miocene Hawthorn Group
underlies the surficial aquifer system and ranges from 1 to 35 feet to a total of 356 to 400 feet thick.
This formation acts as an upper confining unit for the underlying Floridan Aquifer System, which is a

continuous sequence of carbonate rocks of generally high permeability.

Within the 4-mile radius of the facility, a portion of the population obtains potable water from
shallow private or community wells completed in the surficial aquifer. Groundwater is also used for

irrigation of farms and groves.

Surface water run-off from the facility is directed to a ditch system surrounding the waste source
areas. These ditches can empty into one of two canals on either the northern or southern portion of
the property. Currently, only the northern one is used for discharge by the plant. These canals empty
into creeks, and both eventually flow into Tampa Bay to complete surface water migration pathway.

Additionally, the surrounding area is composed of a large number of wetlands which also accept
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drainage from the site. Drainage from the wetlands flows into the Little Manatee River on the north
and Tampa Bay on the west. The Manatee River also eventually empties into Tampa Bay. Fishing,
boating, and bathing occur in these waters. Also, several state- or federally designated protected or
endangered species have ranges in the area. In fact, there is a critical habitat for the endangered

Florida manatee (Trichechus manatus) located 6.5 miles from AMAX. Since the plant is in a flood

plain, there is also a potential threat from flooding during wet weather.

During this sampling investigation, 44 environmental samples were collected. These include soil,
groundwater, sediment, and surface water samples. The only organic poliutants of concern detected
in elevated quantities in soil were toluene and carbon disulfide. Carbon disulfide, a by-product in the
sulfuric acid manufacturing process, was also found in one groundwater sample collected from an
onsite monitoring well. No organic compounds of concern, which are associated with the processes

at the plant, were found in either sediment or surface water samples.

A sample of newly deposited gypsum was analyzed. It contained the following metals: aluminum,
barium, calcium, chromium, iron, lead, magnesium, manganese, nickel, selenium, and vanadium.
Those inorganics of concern detected in elevated quantities in soil samples, and also found in the
gypsum, were barium, cadmium, chromium, manganese, nickel, selenium, and vanadium. Only
cadmium and manganese were detected in elevated quantities in one onsite groundwater sample.
The primary EPA maximum contaminant level (MCL) for drinking water standards was exceeded for
manganese in this sample. Although the quantity of arsenic was not elevated, the MCL was exceeded
for it in one groundwater sample collected on site. Additionally, the secondary MCL for drinking
water standards for iron (300ug/l) was exceeded in seven of the onsite groundwater samples.

Chromium, lead, and vanadium were detected in elevated quantities in a sediment sample collected
from the drainage ditch, while the only surface water sample containing elevated amounts of
inorganics, including cadmium, chromium, lead, manganese, nickel, and vanadium, was taken from
the cooling pond. There was no evidence of migration of these contaminants along the surface water

pathway.

Analysis for radioactive nuclides in soil samples revealed that the onsite soil sample contained an
elevated amount of radium-226 but not radium-228. Also, the amount of this nuclide in the southern
drainage pathway was more elevated than in the northern drainage pathway. Values of radium-226
and radium-228 were elevated for the gypsum sample. However, none of these values exceeded the
National Council on Radiation Protection and Measurements (NCRP) maximum criteria for
radium-226 deposition on agricultural land (40 pCi/g). For groundwater samples, the MCL for primary
drinking water standards was exceeded for gross alpha particle activity (15 pCi/l) for the background
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and one onsite surficial aquifer monitoring well sample. Additionally, the combined radium-226,
radium-228 MCL (5 pCi/l) was also exceeded for these two samples. This value for radium-226 was
exceeded for the surface water sample collected in the southern drainage pathway too. Unlike the
organic and inorganic results, the elevated radium-226 values for the surface water and sediment

samples collected in the southern drainage pathway indicate migration of this nuclide from AMAX

along the surface water pathway.

Because of the targets associated with the four contaminant pathways and the elevated quantities of
contaminants found at AMAX Phosphate, FIT 4 recommends that this site be evaluated using the HRS

(effective March 14, 1991).
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1.0 INTRODUCTION

The HALLIBURTON NUS Environmental Corporation Region 4 Field Investigation Team (FIT) was
tasked by the U.S. Environmental Protection Agency (EPA), Waste Management Division to conduct a
Site Inspection (S1) at the AMAX Phosphate Facility in Palmetto, Manatee County, Florida. The
investigation was performed under the authority of the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) and the Superfund Amendments and
Reauthorization Act of 1986 (SARA). The task was performed to satisfy the requirements stated in
Technical Directive Document (TDD) number F4-9009-01. The field investigation was conducted the

week of October 16, 1990.

1.1 OBJECTIVES

The objectives of this inspection were to determine the nature of contaminants present at the site
and to determine if a release of these substances has occurred or may occur. Further, this inspection
sought to determine the possible pathways by which contamination could migrate from the site and

the populations and environments it would potentially affect. Through these objectives, a

recommendation was made regarding future activities at the site.

1.2 SCOPE OF WORK

The objectives were achieved through the completion of @ number of specific tasks. These activities

were to:

® Obtain and review relevant background materials.
® Obtaininformation onlocal water systems.
e Determine location of and distance to nearest potable well.

e Evaluate potentially affected populations and environments associated with the

groundwater, surface water, air, and soil exposure pathways.
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® Develop asite sketch, to scale.

® Collect environmental samples.



2.0 SITE CHARACTERIZATION

2.1 SITE HISTORY

The AMAX Phosphate Facility, Piney Point Complex site is located on approximately 670 acres, 6 miles
north of Palmetto, in the northwestern corner of Manatee County, Florida (Appendix A). Phosphate
ore is transported to AMAX, where it is converted to phosphoric acid and diammonium phosphate
(DAP). This facility includes sulfuric acid, phosphoric acid, and ammoniated fertilizer plants along

with a gypsum stack/cooling pond complex (Ref. 1). A site location map appears in Figure 1.

AMAX began operations at the facility in 1966 and expanded in 1978 (Ref. 1). It was then sold to
Consolidated Minerals, Inc. of Plant City, Florida, at an unknown date, some time after February 1987
(Refs. 1, 2). At the end of 1988, Royster Phosphates, Inc. purchased the facility from Consolidated
(Ref. 3). On November 1, 1990, Royster sold the plant to Atlantic Fertilizer Company as a joint venture
with Gulf Atlantic; however, Royster is still responsible for the facility's management (Ref. 4).

The plant has been permitted by the Florida Department of Environmental Reguiation (FDER) to
discharge process and nonprocess wastewater into two drainage ditches. Outfalls 001 and 003, to the
south of the facility, flow into a drainage ditch which empties into Bishop Harbor, an outlet to Tampa
Bay, while Outfall 002, to the north, drains into a ditch which discharges into Piney Point Creek, then
into Tampa Bay (Ref. 5). Outfalls 001 and 002 are for nonprocess water, while Outfail 003 is for
treated process water. Outfall 001 was used for the last time in September 1989, and 003 was last
used in March 1989. Presently, Outfall 002 is the only one used. Ail three outfalls are still permitted
(Refs. 4, 6).

In 1982, a study was conducted by the U.S. Geological Survey on the effect of groundwater
contamination in the area of gypsum stacks. The following contaminants were present in excess of
primary drinking water standards at AMAX: silver, arsenic, chromium, cadmium, lead, fluoride, and
selenium. Elevated levels of these inorganics in the groundwater extended to 50 feet beyond the
stacks for silver, lead, fluoride, and selenium; to 200 feet for arsenic and cadmium; and to 300 feet for
arsenic and cadmium; and to 300 feet for chromium (Ref. 1, p. 6, Tables 2, 3). Additionally, a
groundwater monitoring plan was submitted to the FDER, Southwest District, in September 1983, and
issued in September 1985, but was withdrawn in October 1985. After the company collected and
submitted more information, the second permit was issued in March 1987. During this monitoring,
groundwater quality problems, which include the following quantities exceeding primary drinking
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water standards, were noted in 1988: sodium (180 mg/l), sulfate (745 mg/l), total dissolved solids
(TDS) (1586 mg/1), manganese (0.31 mg/l), and iron (2.9 mg/l) (Ref. 1).

2.2 SITE DESCRIPTION

2.2.1 Site Features

AMAX Phosphate is a phosphoric acid complex situated on approximately 670 acres of flat terrain. it
is bordered on the west by Highway 41, on the south by Buckeye Road and a citrus grove, on the east
by farmland, and on the north by the Manatee Airport, a landing strip. A drainage ditch for
nonprocess water on the northern border empties into Piney Point Creek and then into Tampa Bay
approximately 2 miles west of the facility, while a drainage ditch along the southern border empties
into Bishop Harbor 1 mile to the west, and this also converges with the bay (Appendix A). The plant is
fenced on the western, northern, and eastern borders with a guardhouse to the north. Access can be

gained by foot on Buckeye Road at the southern border (Ref. 4).

As stated in the preceding section, the complex includes several parts associated with the
manufacturing process. An approximately 5-acre manufacturing portion, located to the northwest,
consists of sulfuric acid, phosphoric acid, and DAP plants. The largest portion of the property is used
for gypsum stacks, the calcium sulfate by-product from the phosphoric acid process, which occupy
approximately 253 acres on the southeast. The stacks are surrounded by a drainage ditch that
channels water from the stacks back to the plant and also inhibits lateral migration of leachate from
the gypsum. There is also a 32-acre DAP pond in the northwést corner of the gypsum stack area,
while a 77-acre cooling pond is located in the southwestern corner. Additionally, there is a 1-acre,
ammonia removal pond northeast of the cooling pond. Process and nonprocess water, along with
gypsum, are pumped to waste disposal areas on the facility, and a network of drainage ditches
ultimately leads to the two ditches mentioned above. Railroad tracks, with a spur going into the
plant on the northern border of the property, are located along the western border (Ref. 4). A site

layout map appearsin Figure 2.
222  Waste Characteristics

The main products which AMAX produces and sells are phosphoric acid and the fertilizer, DAP. In
order to make these products, the plant first manufactures sulfuric acid which is used to digest the
phosphate ore. The phosphoric acid, produced in this process, is then reacted with ammonia to yield
the final product, DAP. AMAX manufactures 2,000 tons of sulfuric acid per day by burning sulfur in

airin the presence of a catalyst. Then, the sulfur oxide formed is absorbed in water to produce the
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acid. Brink mist eliminators in towers remove escaping acid mist and sulfur oxide before they are
released into the environment. This facility's sulfuric acid plant is the largest single-unit plant in the

world. Besides using all of the acid it produces, AMAX purchases an additional 300 tons per day.

Phosphate rock is purchased from a mine in Hillsborough County, Florida. It is crushed and slurried
with sulfuric acid. The resulting slurry is filtered to remove the phosphoric acid, formed in the
process, from the calcium sulfate or gypsum. The latter is pumped to a gypsum stack/cooling pond
complex. The acid formed during this process is concentrated to 54 percent. Impurities in the acid are
removed and shipped out of the plant in tanks. The process watef from this production has an acidic
pH between 1.8 and 2.0. It is used to transport the gypsum to the top of the stack and is recirculated
to the plant (Refs. 4, 7).- Exhaust from the production is washed with recycled water to remove

harmful gases before it is discharge from the stack (Refs. 4, 7).

In order to produce DAP 18-46-0, anhydrous ammonia, phosphoric acid, and 75 percent phosphate
rock are mixed together. The resulting slurry is pumped to a solid-materials handling system where
the aqueous portion is removed, and the DAP is dried. This plantis one of the largest of its kind in the
world. Scrubbers inhibit dust and fumes from being released into the atmosphere. The final product
is either used directly as fertilizer or is processed further by other fertilizer plants (Refs. 4, 7).

In the production of DAP and phosphoric acid, gases and particulates are captured by water stream
scrubbers. This water is recirculated and reused in production processes. Water is used to slurry the
gypsum, and after depositing the gypsum, this water is also recirculated. Once water has come in
contact with either the gaseous emissions, dust, or gypsum, it is contaminated and cannot be released
by the plant; therefore, excess water is kept in holding ponds. In order to minimize the volume of
water, there is an evaporation system consisting of sprayers in the holding areas. During the rainy
season when accumulation is increased, water is treated before it is released from the site. Before
releasing the water, fluorides and phosphorous products are removed as solids and déposited on the

gypsum stacks, and the acidic pH is neutralized with lime (Refs. 4, 7).

The potential for pollution of air and water is inherent in the production and use of fertilizers. The
impurities resulting from these manufacturing processes can be inadvertently released into the
environment through several pathways and consist of a variety of substances. The plant process
water characteristically has a fow pH and contains a high concentration of inorganic by-products from
the phosphate rock. In addition to high levels of radioactive particle emissions (including mostly
uranium-238, radium-226), there are also elevated concentrations of arsenic, cadmium, chromium,
lead, sodium, fluoride, manganese, iron, sulfate, and TDS. A study conducted by the Environmental
Protection Agency (EPA) indicated that only radium-226, uranium-238, chromium, and arsenic were



present in large enough quantities in phosphogypsum to exceed health-based screening limits (Ref. 8,
pp. 12-6, 12-7). Leachate, however, has a higher concentration of contaminants of concern. It was
found that the following concentrations of metals in leachate provided a potential health or
environmental risk if released into either groundwater or surface water: arsenic, lead, cadmium,

chromium, fluoride, zinc, antimony, copper, thallium, nickel, iron, silver, and mercury (Ref. 8, pp. 12-8,

12-9).

Unless the gypsum stacks and cooling ponds are underlain with an impervious liner, contaminants can
be discharged to groundwater; however, the soils under the stacks can neutralize or buffer the pH
causing some contaminants to precipitate from solution and thus attenuate their migration (Refs. 1;
8; 9, pp. 7, 10; 10, pp. 105-108, 114-119). Also, phosphates, when released into the environment,
increase algal growth in surface water which upsets the natural biological balance (Ref. 11, p. 471).
Because of the low pH of the process water, some of the fluorides are converted to gaseous hydrogen
fluoride and transmitted into the environment during the sprinkling involved with the evaporation
process on the gypsum stacks. Fluorides have been periodically found in citrus tree foliage and grass
used for cattle grazing in the area (Ref. 4). Additionally, escaping dust and fumes from the plant's

stacks can transmit airborne particulate pollutants and by-products.



3.0 REGIONAL POPULATIONS AND ENVIRONMENTS

3.1 POPULATION AND LAND USE

3.1.1 Demography

AMAX Phosphate Facility is located in a sparsely populated area that is mainly used for agriculture
and heavy industry (Ref. 4, Appendix A). The total population within a 4-mile radius is 3,817 with the
following distribution: 251 between 0 and 1 mile (3.8 residents/residence x number of residences),
679 between 1 and 2 miles, 221 between 2 and 3 miles, and 2,666 between 3 and 4 miles (Ref. 12,
Appendix A). There are no schools within 4 miles of the facility (Appendix A).

3.1.2 Land Use

The area to the west of AMAX is predominantly industrial with Port Manatee 1.5 miles to the west.
There is a landing strip, Manatee Airport, directly to the north. The immediate area to the south
consists of a citrus grove, while there is a cattle ranch and turf farm to the west. The closest neighbors
are located in four trailers 50 feet east of the gypsum stacks. The area surrounding the facility is also
composed of a large concentration of wetlands (Refs. 4, 13, Appendix A). During the investigation,
stressed vegetation was noted along the plant’s borders. Also, at times large volumes of smoke were
seen emitting from the facility's stacks (Refs. 4, 13). A number of species, having either state or

federal protection status, inhabit the area (Ref. 14).

3.2 SURFACE WATER

3.2.1 Climatology

The climate in Manatee County is characterized by long, warm, humid summers and short, mild
winters. Average monthly temperatures range from 61°F in January to 82°F in July and August with
an average annual temperature of 73°F. Although some rainfall occurs during every month, the
season with the highest rainfall extends from June through September (Ref. 15, p. 11). The net
annual rainfall is 4 inches (Ref. 16, pp. 43, 63), while the 1-year, 24-hour rainfall is also 4 inches

(Ref. 17, p. 93).



3.2.2 Overland Drainage

Surface water run-off from the facility is directed to a ditch system surrounding the waste source
areas. These ditches, which accept process and nonprocess water, eventually drain into two canals,
one to the north and one running parallel to Buckeye Road on the south. For'merly, two outfalls,
001 and 003 for nonprocess and process water respectively, emptied into the latter canal. This canal
also receives drainage from the agricultural land on the west. It flows under Highway 41 and
converges with a railroad canal. This canal enters a creek leading to Bishop Harbor 1 mile west of the
site, and Bishop Harbor flows into Tampa Bay 1 mile downgradient from this point. Outfall 002, for
nonprocess water, is currently in use. It enters a canal on the northern part of the site and flows west
under Highway 41 into Piney Point Creek 2,500 feet from AMAX. This creek converges with Tampa
Bay 2 miles northwest of the plant (Refs. 4, 13, Appendix A). Additionally, the surrounding area is
composed of a large number of wetlands which may accept drainage from the site. Eventually, these
wetlands drain into small creeks that also flow toward Tampa Bay to the west and the Little Manatee

River 5 miles to the north. This river also empties into Tampa Bay (Appendix A).

3.23 Potentially Affected Water Bodies

During the site investigation, people were seen fishing in Bishop’s Creek which accepts run-off from
the canal south of the plant (Ref. 4, p. 23). Also, Bishop's Harbor is often used for recreational fishing
(Ref. 6). The Tampa Bay area supports additional recreational activities such as boating and
swimming (Ref. 4, Appendix A). The Manatee County Water Department obtains water from Lake
Manatee, which is not on the surface water migration pathway. The remainder of the people obtain
potable water from private or community wells; therefore, there are no intakes along the surface
water migration pathway (Ref. 4). Part of the plant, along with the area to the west toward Tampa
Bay, is on a flood plain. During flooding, the migration of contaminants from the site to the surface
water system would be enhanced (Ref. 18). Several state- and federally protected or endangered
species inhabit the area (Refs. 8, pp. 12-17, 12-18; 14). In fact, the endangered Florida manatee
(Trichechus manatus) is often sighted in the Little Manatee River (Ref. 4). A critical habitat for this
species is located 6.5 miles from the plant (Ref. 8, pp. 12-17, 12-18).
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3.3 GROUNDWATER

3.3.1  Hydrogeology

The AMAX Phosphate Facility'is located in the Gulf Central Lowlands subdivision of the Atlantic (Gulf)
Coastal Plain physiographic province and the southeast coastal plain hydrogeologic setting in
northwest Manatee County, Florida (Refs. 15, p. 105; 19, plate 28; 20, pp. 277-278). Elevations at the
facility range between 8 and 35 feet above mean sea level (amsl) (Appendix A). The major soil types
in the area of the facility include the Palmetto, Wabasso, Eau Gallie, and Bradenton fine sands and

the Chobee loamy fine sand (Ref. 21, plates 1, 5).

The facility is underiain by Miocene to Recent undifferentiated surficial sands, sandy limestone, and
shells whose composition may vary laterally and vertically. These undifferentiated surficial deposits
range between approximately 1 to 35 feet thick, and comprise the unconfined surficial aquifer system
(Refs. 15, p. 129; 22, p. 62). The average depth to the water table in the area of the facility ranges
between 4 and 10 feet below land surface (bls) (Ref. 4). The water table forms a subdued replica of
the topographic surface in the area. Seasonal fluctuations of water levels in the surficial aquifer are
generally less than 5 feet and are very dependent upon the availability of water (Ref. 15, p. 129).
Transmissivity values of the surficial aquifer in Manatee County range from less than 267 to
approximately 5,304 ft2/day (Ref. 15, Table 3, p. 35, p. 129). Estimates of storage coefficients of the
surficial aquifer range between 0.05 and 0.12, based on laboratory specific-yield tests of sands, sandy

limestone, and shells of similar composition to those in the surficial aquifer in Manatee County

(Ref. 15, p. 131).

The Miocene Hawthorn Group underlies the surficial aquifer system. The Hawthorn Group ranges
between 1 to 35 feet bls and ranges between 356 and 400 feet thick in the facility area (Refs. 15,
p. 129; 22, Figure 38, p. 62). The Arcadia Formation and the Tampa Member of the Arcadia Formation
comprise the Hawthorn Group in the area of the facility (Ref. 22, Figure 38, p. 62). The Arcadia
Formation consists of limestone and dolostone containing varying amounts of quartz sand, clay, and
phosphate grains. Sand lenses composed of very fine- to medium-grained quartz sand occur
irregularly throughout the formation and are usually less than 5 feet thick. Discontinuous clay lenses
also occur sporadically throughout the Arcadia Formation. The clay lenses are generally less than
5 feet thick and are composed of quartz sandy, silty, phosphatic, and dolomitic clays (Ref. 22, p. 58).
The Arcadia Formation is approximately 221 feet thick in the area of the facility (Ref. 22, Figure 38,

p. 62).
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The Tampa Member of the Arcadia Formation is combosed primarily of limestone with minor
dolomite, sands, and clays. The Tampa Member is approximately 135 feet thick in the area of the
facility. The texture and composition of the limestones range from mudstones to packstones. The
dolostones range from microcrystalline to very fine-grained in texture and are quartz sandy and
clayey in composition with minor to no phosphate. Sand and clay beds occur occasionally within the
Tampa Member and are similar in composition and thickness as those found in the overlying Arcadia

Formation, except for a significantly lower phosphate content (Ref. 22, p. 70).

The Hawthorn Group acts as an upper confining unit for the underlying Floridan Aquifer System. The
rocks that comprise the upper confining unit vary greatly in lithology and are complexly interbedded.
Clay beds found in the Hawthorn Group act as very effective confining beds. Vertical hydraulic
conductivity values for Hawthorn Group clays, as established from aquifer tests and core samples,
range between 5.29 x 10-6 and 2.75 x 10-10 cm/sec (1.5 x 10-2 and 7.8 x 10-7 ft/day) (Ref. 23, p. B-43).

The Oligocene Suwannee Limestone underlies the Hawthorn Group. The Suwannee Limestone is
composed of hard, yellow to creamy, fossiliferous limestones. The upper part of the Suwannee
Limestone contains thin, discontinuous chert lenses; the basal portion is interbedded with quartz
sand and dolomite. The Suwannee Limestone ranges up to approximately 300 feet thick (Refs. 15,

p. 28; 23, pp. B-32, B-33).

The Eocene Ocala Limestone underlies the Suwanee Limestone. The Ocala Limestone consists of three
units: the Crystal River Member, the Williston Member, and the Inglis Member. All three members
are composed of cream to white fossiliferous limestone interbededded with chert beds. The Inglis
Member of the Ocala Limestone often contains gray to brown dolomite. The Ocala Limestone ranges

between 300 and 600 feet thick (Refs. 15, p. 28; 23, p. B-30).

The Eocene Avon Park Formation underlies the Ocala Limestone. The Avon Park Formation consists of
brown fossiliferous limestone. The upper portion of the Avon Park Formation occasionally contains
layers of carbonaceous material or peat, and the basal portion may contain small evaporite lenses.
The Avon Park Formation may be greater than 1,000 feet thick (Refs. 15, p. 28; 23, pp. B-25, 8-27).

The Lower Eocene Oldsmar Formation underlies the Avon Park Formation. The Oldsmar Formation
consists of micritic to finely pellital limestone thinly interbedded with fine- to medium-crystalline,
vuggy dolomite. The basal portion of the formation is usually more extensively dolomitized than the
upper portion and contains pore-filling gypsum deposits and thin beds of anhydrite. The Oldsmar
Formation and other lower Eocene carbonate rocks are approximately 1,500 feet thick (Ref. 23,

pp. B-22-B-23, plates 3, 33).
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The Floridan Aquifer System is a vertically continuous sequence of carbonate rocks of generally high
permeability that ranges from late Paleocene to early Miocene age. Less permeable carbonate rocks
separate the aquifer system into two aquifers: the Upper and Lower Floridan aquifers (Ref. 23,
p. B-45). The Upper Floridan aquifer is composed of the lower portion of the Tampa Member of the
Arcadia Formation (Hawthorn Group), the Suwannee Limestone, the Ocala Limestone, and the Avon
Park Formation (Ref. 23, pp. B-44, B-47). The top of the Upper Floridan aquifer ranges from 357 to
400 feet bls in the area of the facility (Refs. 22, p. 62; 23, plate 26). The Upper Floridan aquifer is
approximately 1,250 feet thick (Ref. 23, plate 28). Transmissivity values range from approximately
4,900 to 160,000 ft2/day (Ref. 15, p. 137). The storage coefficients of the Upper Floridan aquifer in
Manatee County range from 2.0 x 10-4 to 2.0 x 10-3. Leakage to the Upper Floridan aquifer is
estimated to rahge from 4.0 x 10-5 to 2.7 x 10-3 ft/day) (Ref. 15, p. 137). The base of the Upper
Floridan aquifer is located at approximately -1,650 ams! (Ref. 23, plate 29). The Avon Park Formation
is the deepest potable, water-bearing formation in the Upper Floridan aquifer (Ref. 15, p. 28).

3.3.2 Aquifer Use

Within a 4-mile radius of AMAX, the majority of people to the southwest, obtain potable water from
the Manatee County Water Department. The remaining people receive water from either private or
community wells (Refs. 4, 24, 25). A house count using topographic maps indicates that there are
251 residences using wells within 3 miles of the facility with an additional 260 within 3 to 4 miles
(Appendix A). The majority of these wells are completed in the surficial aquifer. Groundwater is also

used for irrigation of the farms and groves (Ref. 25).

-13-



4.0 FIELD INVESTIGATION

4.1 SAMPLE COLLECTION

During the field investigation, conducted the week of October 15, 1990, FIT 4 attempted to identify
and characterize contaminants which may be present in the environment as a result of activities that
were conducted at AMAX Phosphate Facility. To accomplish this, FIT 4 collected environmental
surface soil, subsurface soil, sediment, surface water, and groundwater samples from a number of
strategic locations. These locations were selected based on historical information, hydrogeological

data for the region and site area, and direct observation at the site.

4.1.1 Sample Collection Methodology

All sample collection, sample preservation, and chain-of-custody procedures used during this
investigation were in accordance with the standard operating procedures as specified in Sections 3
and 4 of the Engineering Support Branch Standard Operating Procedures and Quality Assurance

Manual; United States Environmental Protection Agency, Region IV, Environmental Services Division,

April 1, 1986.

4.1.2 Duplicate Samples

Duplicate samples were offered to and declined by lvan Nance, a designated representative of

Royster Phosphates, Inc. Receipt for sample forms are on file at FIT 4.

4.1.3 Description of Samples and Sample Locations

During the sampling investigation, a total of 44 environmental samples were collected. The samples
collected in each media include the following: six surface soil and one gypsum, six subsurface soil,
nine surface water, 11 sediment, five groundwater from temporary wells, five groundwater from
existing monitoring wells, and one groundwater from a private well. Subsurface soil samples were

collected 4 to 10 feet below land surface (bls) at the zone of saturation. Groundwater samples were

taken from the same depths.

Four sets of surface soil, subsurface soil, and groundwater samples were taken in conjunction with
each other. Two of these sets, one collected to the north of AMAX (AP-SS-01, AP-SB-01, AP-TW-01)
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and one to the east (AP-55-02, AP-SB-02, AP-TW-02) served to establish background conditions. The
remaining two sets were collected near waste source areas to determine migration of contaminants.
One was taken southwest of the chemical plant (AP-$5-04, AP-SB-04, AP-TW-04) and the other west of
the cooling pond (AP-55-05, AP-SB-05, AP-TW-05). Another surface soil sample was taken near the
diammonium phosphate (DAP) pond (AP-55-03) with the subsurface and groundwater samples
(AP-SB-03, AP-TW-03) collected a few feet to the west of the corresponding surface soil sample. A
final set of soil samples (AP-55-06, AP-SB-06) was collected between the cooling pond and drainage
ditch. In order to characterize the contaminants in gypsum, a freshly deposited sample (AP-55-07) was

removed from the gypsum stacks.

Nine sets of surface water and sediment samples were collected in conjunction with each other. Two
sets, one collected north of the site in the Little Manatee River (AP-SW-01, AP-SD-01) and the other
southeast of the facility in Cabbage Slough Creek (AP-SW-02, AP-SD-02) served to establish
background conditions. In order to characterize contaminants, two sets were taken from source
areas, the cooling (AP-SW-09, AP-SD-09) and ammonia removal (AP-SW-11, AP-SD-11) ponds. Five sets
were colfected from locations to determine if pollutants were migrating from the facility. Two of
these were taken along the drainage pathway of outfalls 001 and 003, which are no longer in use.
One set (AP-SW-04, AP-SD-04) was collected downgradient from the outfalls in the drainage ditch
and the other (AP-SW-05, AP-SD-05) at the confluence of the ditch and Bishop Creek. The remaining
three sets were collected in the drainage pathway of Outfall 002. One of these (AP-SW-06, AP-SD-06)
was taken in the drainage ditch downgradient from the outfall, another (AP-SW-07, AP-SD-07) a few
feet west, and the third (AP-SW-08, AP-SD-08) in Piney Point Creek. A tenth sediment sample
(AP-SD-10) was also collected from the DAP pond to characterize contaminants, and another
(AP-SD-12) was taken from the drainage ditch by the gypsum stacks to determine migration of

contaminants from the stacks.

Five groundwater samples were collected from existing monitoring wells to determine if
contaminants had migrated into the groundwater. Four of these samples (AP-MW-01, AP-MW-03,
AP-MW-04, AP-MW-05; 12.5 - 20.15 feet bls) were from wells installed in the surficial aquifer and the
fifth from a well installed in the the intermediate aquifer (AP-MW-06; 63.7 feet bls). Also, a private
well (AP-PW-01) to the east of AMAX was sampled. Sample codes, descriptions, locations, and

rationale are contained in Tables 1, 2, and 3. Sample locations are shown in Figures 3, 4, and 5.
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TABLE 1

SAMPLE COOES, DESCRIPTIONS, LOCATIONS, AND RATIONALE

SOIL SAMPLES
AMAX PHOSPHATE FACILITY

- PALMETTO, MANATEE COUNTY, FLORIDA

Sample Code Description Location Rationale
AP-5S5-01 Surface Sail West side of Manatee Airport Establish background
Road, 2,000 feet feet north of | conditions
AMAX
AP-55-02 Surface Soil East of gypsum stacks 50 feet Establish background
from AMAX conditions
AP-S5-03 Surface Soil West side of DAP pond, Determine migration of
between drainage ditch and contaminants
pond
AP-55-04 Surface Soil Southwest corner of chemical Determine migration of
plant, west of fence contaminants
AP-$5-05 Surface Soil West of cooling pond between | Determine migration of
drainage ditch and rainwater contaminants
pond
AP-55-06 Surface Soii Between drainage ditch and Determine migration of
cooling pond contaminants
AP-55-07 Gypsum Gypsum stacks Characterize contaminants
AP-5B-01 Subsurface Soil | In conjunction with AP-55-01, Establish background
collected 4’ bls conditions
AP-58-02 Subsurface Soil |} In conjunction with AP-5§5-02, Establish background
collected 4’ bls conditions
AP-$B-03 Subsurface Soil | West of DAP pond and Determine migration of
drainage ditch, collected 8’ bls | contaminants
AP-SB-04 Subsurface Soil | In conjunction with AP-$5-04, Determine migration of
collected 4’ bis contaminants
AP-SB-05 Subsurface Soil | In conjunction with AP-$5-0S, Determine migration of
collected 10’ bis contaminants
AP-SB-06 Subsurface Soil | In conjunction with AP-55-06, Determine migration of
collected 4’ bis contaminants
AP - AMAX Phosphate Facility
SS - Surface Soil
S8 - Subsurface Sail
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TABLE 2

SAMPLE CODES, DESCRIPTIONS, LOCATIONS, AND RATIONALE

GROUNDWATER SAMPLES
AMAX PHOSPHATE FACILITY

PALMETTO, MANATEE COUNTY, FLORIDA

™ - Groundwater, Temporary Well
MW - Groundwater, Monitoring Well

. AP-MW-02 was not collected.
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Sample Code Description Location Rationale

AP-TW-01 Groundwater In conjunction with AP-$5-01, €stablish background
collected 7' bls conditions

AP-TW-02 Groundwater In conjunction with AP-55-02, Establish background
collected 4’ bls conditions

AP-TW-03 Groundwater In conjunction with AP-55-03, Determine migration of
collected 10 bls contaminants

AP-TW-04 Groundwater In conjunction with AP-55-04, Determine migration of
collected 4' bls contaminants

AP-TW-05 Groundwater In conjunction with AP-S5-04, Determine migration of
collected 10’ bls contaminants

AP-MW-01* | Groundwater Southeast corner of plant, Determine migration of
surficial aquifer, 15.2° bls contaminants

AP-MW-03 Groundwater East of chemical plant, surficial ] Determine migration of
aquifer, 21.2' bls contaminants

AP-MW-04 Groundwater North of cooling ponds, Determine migration of
surficial aquifer, 22.6' bls contaminants

AP-MW-05 Groundwater South of Buckeye Road, Determine migration of
surficial aquifer, 15.2° bls contaminants

AP-MW-06 Groundwater West of gypsum stack drainage [ Determine migration of
ditch, intermediate aquifer, contaminants
65.5° bls

AP-PW-01 Groundwater West of gypsum stacks, 50 feet | Determine migration of
east of AMAX contaminants

AP - AMAX Phosphate Facility




TABLE 3

SAMPLE CODES, DESCRIPTIONS, LOCATIONS, AND RATIONALE
SURFACE WATER AND SEDIMENT SAMPLES

Rationale

Establish background
conditions

Establish background
conditions

Determine migration of
contaminants

Determine migration of
contaminants

Determine migration of
contaminants

Determine migration of
contaminants

Determine migration of
contaminants

Characterize contaminants

Characterize contaminants

Establish background
conditions

Establish background
conditions

Determine migration of
contaminants

Determine migration of
contaminants

Determine migration of
contaminants

AMAX PHOSPHATE FACILITY
PALMETTO, MANATEE COUNTY, FLORIDA
Sample Code Description Loc_ation
AP-SW-01 Surface Water Little Manatee River 5 miles
north of AMAX
AP-SW-02* Surface Water Cabbage Slough Creek 1.5 miles
east of AMAX
AP-SW-04 Surface Water Southwest corner of AMAX in
drainage ditch downgradient
from outfalls 001 and 003
AP-SW-05 Surface Water Confluence of drainage ditch
and Bishop Creek
AP-SW-06 Surface Water Drainage ditch downgradient
from Outfall 002
AP-SW-07 Surface Water Drainage ditch downgradient
from Outfall 002 east of
Highway 41
AP-SW-08 Surface Water Piney Point Creek 20 feet north
of County Line Road
AP-SW-09* Surface Water East end of cooling pond
AP-SW-11 Surface Water West end of ammonia removal
pond
AP-SD-01 Sediment in conjunction with AP-SW-01
AP-SD-02* Sediment In conjunction with AP-SW-02
AP-SD-04 Sediment In conjunction with AP-SW-04
AP-SD-05 Sediment In conjunction with AP-SW-05
AP-SD-06 Sediment In conjunction with AP-SW-06
AP - AMAX Phosphate Facility
SW - Surface Water
sD - Sediment
. AP-SW-03, AP-SW-10, and AP-SD-03 were not collected.
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TABLE 3

SAMPLE CODES, DESCRIPTIONS, LOCATIONS, AND RATIONALE
SURFACE WATER AND SEDIMENT SAMPLES

AMAX PHOSPHATE FACILITY
PALMETTO, MANATEE COUNTY, FLORIDA
Sample Code Description Location Rationale
AP-SD-07 Sediment In conjunction with AP-SW-07 | Determine migration of
contaminants
AP-SD-08 Sediment In conjunction with AP-SW-08 | Determine migration of
contaminants
AP-SD-09 Sediment In conjunction with AP-SW-09 Characterize contaminants
AP-SD-10 Sediment DAP pond by waste inlet Characterize contaminants
AP-SD-11 Sediment In conjunction with AP-SW-11 Characterize contaminants
AP-SD-12 Sediment Drainage ditch west of gypsum | Determine migration of
stacks contaminants
AP - AMAX Phosphate Facility
Sw - Surface Water
sD - Sediment
* AP-SW-03, AP-SW-10, and AP-SD-03 were not collected.
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41.4 Field Measurements

Field measurements were performed on all water samples (Table 4). Parameters measured included
temperature, pH, and conductivity of the sample at time of collection. No field measurements were
performed on the soil samples during this investigation.

4.2 SAMPLE ANALYSIS

4.2.1 Analytical Support and Methodology

All samples collected were analyzed under the Contract Laboratory Program (CLP) and analyzed for
all organic parameters listed in the Targét Compound List (TCL) and all inorganic parameters in the
Target Aﬁalyte List (TAL). Organic analysis of soil and water samples was performed by SWOK of
Broken Arrow, Oklahoma and Gulf South Environmental Laboratories of New Orleans, Louisiana.
Inorganic analysis of soil and water samples was performed by Skinner and Sherman of Waltham,
Massachusetts. Additionally, radioactive analysis was performed by National Air and Radiation

Environmental Laboratories of Montgomery, Alabama.

All laboratory analyses and laboratory quality assurance procedures used during this investigation
were in accordance with standard procedures and protocols as specified in the Laboratory Operations
and Quality Control Manual, United States Environmental Protection Agency, Region IV,
Environmental Services Division, issued October 24, 1990; or as specified by the existing United States
Environmental Protection Agency standard procedures and protocols for the CLP Statement of Work

{SOW), as applicable.

4.2.2 Analytical Data Quality and Data Qualifiers

All analytical data were subjected to a quality assurance review as described in the EPA
Environmental Services Division laboratory data evaluation guidelines. In the tables, some of the
concentrations of the organic and inorganic parameters have been flagged with a "J". This indicates
that the qualitative analysis was acceptable, but the quantitative value has been estimated. A few
other compounds are flagged with an "N", indicating that they were detected based on the
presumptive evidence of their presence. This means that the compound was tentatively identified,
and its detection cannot be used as positive identification of its presence. Results for some
background samples are reported with a "U" flag. This flag means that the material was analyzed for
but not detected. The reported number is the laboratory-derived minimum quantitation limit (MQL)

for the compound or element in that sample. At times, miscellaneous organic compounds that do not
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TABLE4

FIELD MEASUREMENTS
AMAXPHOSPHATE FACILITY
‘PALMETTO, MANATEE COUNTY, FLORIDA

Date ' Temp. Conductivity

Sample Code (10/90) Time pH (°C) (umhos/cm)
AP-SW-01 16 1330 7.0 283 6510
AP-SW-02* 16 1415 7.2 30.0 1250
AP-SW-04 17 1620 7.0 29.0 2540
AP-SW-05 17 1645 7.1 28.0 13,200
AP-SW-06 17 1440 8.5 30.0 1930
AP-SW-07 17 1515 6.7 30.0 2390
AP-SW-08 17 1605 6.1 28.0 1920
AP-SW-09* 17 1515 2.5 30.0 17,740
AP-SW-11 17 1445 89 31.0 5720
AP-TW-01 16 1625 6.7 27.0 707
AP-TW-02 17 1040 6.5 280 180
AP-TW-03 17 1145 6.7 28.0 3320
AP-TW-04 18 1040 6.7 27.0 2870
AP-TW-05 18 0930 6.4 26.0 3390
AP-PW-01 17 0935 7.3 24.0 1070
AP-MW-01* 16 1130 6.7 27.0 980
AP-MW-03 16 0900 6.8 26.0 4050
AP-MW-04 16 1520 71 27.0 932
AP-MW-05 16 1350 73 28.0 1570
AP-MW-06 16 1615 7.4 27.0 745

*  AP-SW-03, AP-SW-10, and AP-MW-02 were not collected.



SUMMARY OF ORGANIC ANALYTICAL RESULTS
SURFACE AND SUBSURFACE SOIL SAMPLES
AMAX PHOSPHATE FAQUTY

TABLES

PALMETTO, MANATEE COUNTY, FLORIDA

Background

On Site

Gyptum Background On Site
PARAMETERS (ug/kg) AP-$$-01 AP-$5-82 AP-$3-03 AP-$S-04 AP-S$.05 AP-S$-06 AP-$$-07 AP-SB-01 AP-SB-02 AP-$8-03 AP-SB-04 AP-SB-O% AP-$8-06

PURGEABLE COMPOUNDS
TOLUENE 7] 7] - 6 " U . v U - - 2

XTRACTABLE COMPOUNDS
PHENDL 890U 720U - - - . 480} . Y. -
IOA-N-BUTYLPHTHALATE 890U 1200 - - 120 - - - - - - - -
JINIDENTIFIED COMPOUNDSNO (1) 800015 30002 800015 30002 500014 200012 100018 80011 2000112 100011
PETROLEUM PRODUCT(Y) N N
PODECANOIC ACIO(Y) * 2000)N

JHEXADECANOIC ACID(Y) A000)N
PESTICDEPCE COMPOUNDS
a.4°-00¢ (P.P"-DOE) 43U 39 - - . - . .
4.4°.00Y (P.P"-DOT) a3 39 - . - - . -
IGAMMA. CHLORDANE 2200 as) - -

PHA.CHLORDANE 200 £37] . - - - . .

Estimated value.

cZz-"

-
-
L

Presumptive evidence of presence of material,
Moaterial was analyzed for but not detected. The number givenis the MQL
Tentatively identified compound. This compound is not on Target Compound List and is reported only as detected in individual samples; MQL not determined.

Material analyzed for but not detected above minimum quantitation limit (MQL).
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TABLE 6

SUMMARY OF INORGANIC ANALYTICAL RESULTS
SURFACE AND SUBSURFACE SOIL SAMPLES

AMAX PHOSPHATE FACIUTY

PALMETTO, MANATEE COUNTY, FLORIDA

Background On Site Gypsum Background On Site
PARAMETERS (mg/kg) | Ap-SS-01 ] ar-s5-02 | Ar-5503 | AP-$S08 | Ar-55-05 [ AP-SS-06 | AP-S5-07 | Ar-S8-0t | Ap-$8-02 [ Ap-SB-03 | Ap-S804 { AP-S8-05 [ AP-S8-06
LUMINUM 1600 200 4600 1300 6000 8300 1100 4500 1100 2900 1100 1700 3100
[parium T v 30 13 55 1 30 20 3y " 53 56 8
ﬁomum 0.83u 063V 26 - a4 3 - 073u 069 -
Fncnum 45,000 2100 96,000 9200 190,000 88,000 150,000 1900 130U 42,000 600 6700 63,000
FHROM!UM 49 6.8 18 . 29 a2 1" 79 1.4u 66 . a1 5.2
FoaAu 11U 084U . - 24 15 . . - . - . .
[mou 1500) 300) 5200) 2600} 4300) 7000} 1800) 4300) 800) 2700) 460 7005 25005
feao 7.0 503 95) . 19) 25) 89 a3) 1 18 1.4 13 33
lMAGNESIUM 4500 180 220 260 1100 2700 190 240 30u 280 . . 390
lMANGANESE 24 19 10 . 95 14 25 - - - - -
[mcm 1.7V 130 56 - 9 3s 39 - - - - .
TASSIUM 160U 30U 420 . 860 820 . . . - - . .
SELENIUM 0.SSUR 0.42UR . 49) - - . . - - - .
SODIUM 280U 30U 1800 - 2600 2900 960 60U 30U 390 . . 540
VANADIUM su w 36 - S6 a2 13 6y w 3 - . .

xch )
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Material analyzed for but not detected above minimum quantitation limit (MQL).
Estimated value.
Material was analyzed for but not detected. The number given is the MQL.
Quality Control indicates that data is unusable. Compound may or may not be present.




TABLE?7

SUMMARY OF ORGANIC ANALYTICAL RESULTS

GROUNDWATER SAMPLES
AMAX PHOSPHATE FACQUITY
PALMETTO, MANATEE COUNTY, FLORIDA
Private Telp
Sackground On Site Onuite Monitoring Wells walt Rlank
PARAMETERS (vp/f) arTwes | artw-02 | ar.vwos | ar.twoa | ar.twos | armworc | ar-mwos | araewos [ ar-maw.0s | ar-mwos | Ar-ewot | aresor
PURGEABLE COMPOUNDS
BON DISULFIOE su su . . 14 . 130
CETALDEHYDE(D) ’ N
ATRACTABLE COMPOUNDS
P! NZOYC ACID sou an
1$(2-E THYLHEX YL) PHTHALATE 10U 10u - . - . . % .
1€ THYLME THYLBENZAMIDE(Y) 100N
UTYLIDENESISMETHYLETHYLMETHYLPHENOLIY) 205N 20N w0
OCTANOKC ACIDA ) SIN 6N
ICAPROLACTAm(1) 100N 701N
JUNIDENTIFIED COMPOUNDSANO (1) 01 10017
CANGIC ACi0(") SIN
15(HYOROR YLE THVLIDOOECANAMIDEL)) 30N
Irmwat THYLBUTANE(D N

Estimated value.

Ecz—o

AP-MW-02 was not collected.

Material analyzed for but not detected above minimum quantitation limit (MQL).

Presumptive evidence of presence of material.
Material was analyzed for but not detected. The number given is the MQL.
Tentstively identified compound. This compound is not on Target Compound List and is reported only as detected in individual samples; MQL not determined.
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TABLES

SUMMARY OF INORGANIC ANALYTICAL RESULTS

GROUNDWATER SAMPLES
AMAX PHOSPHATE FAQILITY
PALMETTO, MANATEE COUNTY, FLORIDA
Private Trip
Background On Site Onsite Monitoring Wells \ Well Slank

PARAMETERS (ug) AP-TW-01 | ar-Tw-02 | ar-Tw03 | Ap-Tw-0s | Ar-Tw-05 | Ap-mw-01* | Ap-mw-03 | Ap-mw-04 | AP-mw-05 | Ap.mw-06 | ar-pw-01 | Ap-pB-01
ALUMINUM 36,000 260,000 7300 20,000 5600 3400 750 . 1610 .

RSENIC 14 53 18 56 . - 30 . . . . ;

ARIUM 110 460 53 210 130 . 120 . 52 . . .
BervLLIUM v 6 . . . . . . . . .

" Kaomiom 3u 3u . . . . 18 - .

CALCIUM 91,000 21,000 600,000 320,000 470,000 81,000 380.000 140,000 270,000 75.000 83.000
CHROMIUM 78 190 12 38 13 . . . 9 . .
COBALT 7 32 . 9 . . . . . . ]
JRON 26,000) 1700000 | 27,000) 25.000) 23004 33004 10,0004 13005 3200) . . }
LEAD 18 4 . 12 S 5 . . . 8 .

AGNESIUM 20,000 9300 36,000 25,000 39,000 37.000 16,000 16,000 61,000 22,000 40,000
'\QANGANESE 70V 70 . 39 . 713 220 . . .
}«cm 18 89 - 14 . . . . . . .
porassium 29.000 2900 23,000 8000 30,000 4000 9100 2600 9300 6400 3700 | -
KODIUM 28,000 2200 7000 120,000 55,000 75.000 350.000 36,000 61,000 29,000 55,000

Material analyzed for but not detected above minimum quantitation limit (MQL).
Estimated value.
Presumptive evidence of presence of material.

Material was analyzed for but not detected. The number given is the MQL.
AP-MW.-02 was not collected.
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TABLES

SUMMARY OF INORGANIC ANALYTICAL RESULTS

GROUNDWATER SAMPLES
AMAX PHOSPHATE FAQILITY
PALMETTO, MANATEE COUNTY, FLORIDA
Private Telp
Background On Site Onsite Monitoring Wells Well Blank
PARAMETERS (ug/) AP-TW-01 AP-TW-02 } AP-TW-0I AP-TW-04 | AP-TW-05 AP-MW-01°* AP-MW-03 | AP-MW-04 | AP-MW-05 | AP-MW-06 | AP-PW-01 AP-£B8-01
VANADIUM 74 170 - - 130 -
INC 60U) 130 - -

Estimated value.

.czﬁ-i

Presumptive evidence of presence of material.
Material was analyzed for but not detected. The number given is the MQL.
AP-MW-02 was not coliected.
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Material analyzed for but not detected above minimum quantitation limit (MQL).




TABLES

SUMMARY OF ORGANIC ANALYTICAL RESULTS

SEDIMENT SAMPLES
AMAX PHOSPHATE FAQUTY
PALMETTO, MANATEE COUNTY, FLORIDA
Southern Dralnage
Sackground Pathway Northern Deainage Pathway On Site
PARAMETIRS (upiyg) AP-3D-01 | Ar-s002° | Ar-SDOA AP-$D-03 AP-SD-08 AP-SD-07 AP-$0-08 AP-SD-00 Ap-$D-10 AP.$D-11 AP.$D-12

PURGEARLE COMPOURDS
ACE 1ONE [} ) nu . . 26 . . ”
K ARBON DISULFIDE w 10 . . - - -

MMETHYLBICYCLONEPTANE(Y) 01N
PAE THYL(METHYLE THYLIENZENELY) 200N
RINIDENTIFIED COMPOUNDSNO (V) 2001

XTRACTASLE COMPOUNDS
BENZOK ACID 41000 10,0000 €90)

CENAPHTHENE 840U 2100V . . - 140)
PHENANTHRENE $80) 21000 . . . 760)
ANTHRACENE 140) 21000 . 750) . 190)
4-N-BUTYLPHTHALATE 840U 2100V . 150)
F LUORANTHENE 1400 21000 . . . 3200

YRENE 750) 21001 . . . 1600

ENZYL BUTYL PHTHALATE 840U . 1100V . . . . 210)

ENIO(AJANTHRACENE 3304 2100U . 1203 . 4901

MRYSENE $00) 21000 . 420) - 7103

Estimated value.

soCcZ>-"

Material analyzed for but not detected above minimum quantitation limit (MQL).

Presumptive evidence of presence of material.

Materis! was analyzed for but not detected. The number given is the MQL.
Tentatively identified compound. This compound is not on Target Compound List and is reported only as detected in individual samples; MQL not determined.
AP-$D-03 was not colfected.
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TABLEY

SUMMARY OF ORGANIC ANALYTICAL RESULTS

SEDIMENT SAMPLES
AMAX PHOSPHATE FAQUITY
PALMETTO, MANATEE COUNTY, FLORIDA
Southern Deainage
Background Pathway Northern Drainage Pathway On Site
PARAMETERS (ug/ig) AP-SD-01 AP-SD-02° AP-SD-04 AP.SD-05 AP-SD-06 AP-$D-07 AP-S0-08 AP-SD-09 AP-SD-10 AP-SD-11 AP-SD-12
[prst2-ETHYLHEXYL) PHTHALATE 840U 2100V . -
Pmm(a AND/OR KIF L UORANTHENE 4403 1oou . 2101 ; a70)
ENZO(A)PYRENE 180} 21000 - 201 . 350) -
NDENO (1,2,3CD) PYRENE 2208 2100U . . . 120)
ENZO{GHIIPERYLENE 10 2100u - -
JUNIOENTIFIED COMPOUNDING 2000112 $0.0001% 200031 3000473 . 20000115 20,0007 5000572 30.000u4 $0,000117 3000112
PE TROLEUM PRODUCTY) N N N
DODECANOIC ACID() 000N 20.000IN
h1€ XADECANOIC ACIDLY) 6001N 1000IN 1000IN
ANTHRACENEDIONE(T) J00IN
ENTOFLUORENE(Y) 300IN 3001N
psnzonuommmunor sorx)") 200N
ENZACEPHENANTHRYLENE(D S00IN
[TE TRAMYDRODIME THYL (METHYETHYLINAPHTHALENE(Y) 2000IN S00IN
INAPHTHALENOL(Y} 1000JN
HEPTADECANOIKC ACIDAY) S00IN 400N
ADECANOK ACIDIY) 800N 4000iN

Material analyzed for but not detected above minimum quantitation limit (MQL).
Estimated value.

Presumptive evidence of presence of material,

Material was analyzed for but not detected. The number given is the MQL.

Tentatively identified compound. This compound is not on Target Compound List and is reported only as detected in individua! samples; MQL not determined.
AP-SD-03 was not collected.

eTCcZ-"
=
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TABLES

SUMMARY OF ORGANIC ANALYTICAL RESULTS
SEDIMENT SAMPLES
AMAX PHOSPHATE FAQUTY
PALMETTO, MANAYEE COUNTY, FLORIDA

Southern Drainage
Background Pathway Northern Dralnage Pathway On Site
PARAMETERS (wg/g) a»-5001 | arsp-02° AP-SD-04 AP-$D.03 AP-SD-06 AP.$0-07 AP-SD-08 AP-SD-0% AP.SD-10 AP-SD-11 AP-SO-11

PHENYLE FHANONE 000N

ETRADECANOIC ACION) 001N
PHENYLTRICYCLONOOIENOL 1) 2000IN
D PHENYLPROPANEDIONEL) 6000IN
PESTIODEVCE COMPOUNDS

8-1248 (AROCLOR 1248) 2000 500U 350 .

Estimated value.

Ecz-v

AP-SD-03 was not collected.

Material analyzed for but not detected above minimum quantitation limit (MQL).

Presumptive evidence of presence of material.
Material was analyzed for but not detected. The number given is the MQL.
Tentatively identified compound. This compound is not on Target Compound List and is reported only as detected in individual samples; MQL not determined.
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TABLE 10

SUMMARY OF INORGANIC ANALYTICAL RESULTS

SEDIMENT SAMPLES
AMAX PHOSPHATE FACILITY
PALMETTO, MANATEE COUNTY, FLORIDA
Southern Drainage
Background Pathway Northern Drainage Pathway ' OnSite
PARAMEYERS (mg/kg) AP-SD-01 AP-SD-02° AP-SD-04 AP-SD-05 AP-SD-06 AP-$D-07 AP-SD-08 AP-5D-09 AP-SD-10 AP-SD-11 AP-5D-12
LUMINUM 380 10,000 530 1300 1100 1000 950 21,000 4400 300 12,000
ARIUM b1T} 80 19 78 5.2 13 13 110 72 16 64
CADMIUM 0.7V 19y . . . - - 26 - - 8
CALCIUM 1400 38.000 2000 3100 8400 27,000 7200 200,000 210,000 220,000 110,000
CHROMIUM 1.4U 20 - 28 24 61 6.6 140 24 71 76
COBALT 0.95U 3u - - . . - 27 . 39 34
COPPER 9uJ 62) - . . . . . . . .
JRON 440) 11,0005 830) 1600) 9000/ 6400/ 2100) 45,0004 12,000, 390) 18,000J
LEAD 2.8) 164 11 74) .7 " 154 85) 261 2 59J
PMAGNESIUM 200 2500 82 1100 170 200 520 2000 510 4500 9900
ANGANESE 2v 63 - - 26 22 - 26 . a4 a0
INICKEL 1.4U .67 - . 23 27 . - 42 17 76
POTASSIUM 60U 270U - . - . . 2000 550 - 1600
KODIUM 350U 290U . 2900 . - . 12000 3900 2800 6700
WANADIUM 1w 20U . . - - - 140 24 - 130

Material analyzed for but not detected above minimum quantitation limit (MQL).
Estimated value.

Presumptive evidence of presence of material.

Material was analyzed for but not detected. The number given is the MQL.
AP-5D-03 was not collected.

sCc2Z2>~"'
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TABLE 11

SUMMARY OF ORGANIC ANALYTICAL RESULTS

SURFACE WATER SAMPLES
AMAX PHOSPHATE FAQUITY

PALMETTO, MANATEE COUNTY, FLORIDA

Northern Drainage
Sackground Pathway Southern Drainage Pathway \ On Site
PARAMETERS (ug) AP-swo1 | Ap-swo2* | Apswos | apsw-os | aApsw-06 | ap.sw-07 | Ap-swos | ap-sw-09° | ap-sw-1
RGEABLE COMPOUNDS

fcARBON DISULFIDE su su . s - a
TETRAMETHYLBUTANE(?) 8IN
£ XTRACTABLE COMPOUNDS
f.mnos NTIFIED COMPOUNDSNO (1) 10013 60)/4
leaow\cu(‘) aN aN
[nsxnoemouc acio(?) 10IN 10IN
[HYOROXYMETHOXY BENZALDEHYODE() SIN

PETROLEUM PRODUCT(1) N
TETRADECANOIC ACID(Y) 7N

Material analyzed for but not detected above minimum quantitation limit (MQL).

J Estimated value.
N Presumptive evidence of presence of material.
U Material was analyzed for but not detected. The number given is the MQL.
()
determined.
* AP-SW-03 and AP-SW-10 were not collected.
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Tentatively identified compound. This compound is not on Target Compound List and is reported only as detected in individual samples; MQL not




TABLE 12

SUMMARY OF INORGANIC ANALYTICAL RESULTS

SURFACE WATER SAMPLES
AMAX PHOSPHATE FACILITY
PALMETTO, MANATEE COUNTY, FLORIDA
Northern Drainage
Bacdkground Pathway Southern Drainage Pathway \ On Site
PARAMETERS (ug) AP-SW-01 AP-SW-02°* AP-SW-08 AP-SW-05 AP-SW.06 AP-SW-07 AP-SW-08 AP-SW.09* AP-SW-11

ALUMINUM 3a0u 16,000 - - . 27,000 -

RSENIC 5U 8y - - . . - a9
BARIUM 20U 120 - 29 - - 63 -
[BERYLLIUM 1w w . . . . 23
ICADMIUM 3u 3V - - - 130 -
ICALCIUM 61,000 170.000 160,000 160,000 150,000 180,000 160,000 670,000 170.000
[crrOMIUM 6V 28 . . . . . 360 -

OBALT ay ay - . - . - 210 .
IRON 350U) 14,000) - . . - 29,000) -
ILEAD S 14 - - - . - 35 -
IMAGNESIUM 140,000 46,000 58,000 220,000 66,000 59,000 42,000 200,000 49,000
IMANGANESE 20u 10 . . . . 52 4100 .
|mcm 6u 8U . . . . - 690 .
lroTAssium 47,000 13,000 16,000 68,000 3700 $300 6800 160,000 89,000
SODIUM 1,100,000 68,000 110,000 1,500,000 42,000 100.000 69.000 1,200,000 650.000
THALLIUM 10UR 10UR . - - - 13 .
[VANADIUM ay 30U . . . . 820 .
- Material analyzed for but not detected above minimum quantitation limit (MQL).
J Estimated value.
N Presumptive evidence of presence of material.
u Material was analyzed for but not detected. The number given is the MQL.
R Quality Control indicates that data is unusable. Compound may or may not be present.
L ]

AP-SW-03 and AP-SW-10 were not collected.
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TABLE 12

SUMMARY OF INORGANIC ANALYTICAL RESULTS

SURFACE WATER SAMPLES
AMAX PHOSPHATE FAQUITY
PALMETTO, MANATEE COUNTY, FLORIDA
Northern Drainage
Background Pathway Southern Drainage Pathway On Site
PARAMETERS (ug/) AP-SW-01 AP-SW-02° AP-SW-04 AP-SW-05 AP-SW-06 AP-SW-07 AP-SW-08 AP-SW-09° AP-SW-11
INC 40U) 130Us - 1400) -

[cmmoz 10V 10U . - 14 100
- Material analyzed for but not detected above minimum quantitation limit (MQL).
J Estimated value.
N Presumptive evidence of presence of material.
U Material was analyzed for but not detected. The number given is the MQL.
R Quality Control indicates that data is unusable. Compound may or may not be present
L ]

AP-SW-03 and AP-SW-10 were not collected.
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TABLE 13

SUMMARY OF RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES
AMAX PHOSPHATE FACQUTY
PALMETTO, MANATEE COUNTY, FLORIDA

Background On Site Gypsum Background Northern Southern
Parameters (pCi/gX1) AP-$5-01 AP-55-06 AP-55-07 AP-SD-01 AP-SD-06, AP-SD-12
Radium-226 0892 8.12¢ 16.5% 0.36% 0.76 ¢ 7.36%
5.00% 1.00% 1.0% 7.00% 5.00% 1.00%
Radium-228 - 056% 0.49¢ 8.10% 085+ 038+ 0.73 %
153% 186% 17.0% 115% 256% 128%
) Results are for dry soil.
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TABLE 14

SUMMARY OF RADIONUCLIDE CONCENTRATIONS IN WATER SAMPLES
AMAX PHOSPHATE FACILITY
PALMETTO, MANATEE COUNTY, FLORIDA

Southern

Background Monitoring Wells Background Drainage

Parameters (pCi/l) AP-TW-01 AP-MW-03 AP-MW-06 AP-SW-01 AP-SD-12
Radium-226 732% 164 ¢ 1.13¢ 054+ 185%
2.00% 1.00% 3.00% 4.00% ’ 2.00%
Radium-228 243+ 1.76 ¢ 053¢+ 053¢ 0.29 ¢
87.5% 64.6% 81.0% 85.8% 182%
Gross Alpha 538t 446+ 1.75% 5.04 5.30¢
21.6% 42.4% 169% 235% 83.3%
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background); cadmium (3, S, and 3 times MQL); chromium (3, 5, and 6 times background); and
vanadium (7, 10, and 8 times MQL) were detected in all three samples. Nickel (3 and 5 times MQL) was
found in two soil samples (AP-55-03 and AP-$5-05), while manganese (4 times background) was
detected in one (4 times background). The only contaminant of concern present in elevated
quantities in the fourth onsite sample (AP-55-04) was selenium (10 times MQL, estimated). There
were no inorganics of concern found in elevated quantities in subsurface soil samples.

The only metals of concern detected in elevated quantities in groundwater were cadmium (6 times
MQL) and manganese (3 times MQL) from AP-MW-03. This monitoring well is located in the center of
the facility between the chemical plant and gypsum stacks. The EPA maximum contaminant level
(MCL) for primary drinking water standards for manganese (50 ug/l) was exceeded in this sample
(Ref. 26). Although arsenic was detected in levels less than 3 times background, its concentration
(56 ug/l) in the sample from AP-TW-04, collected east of the chemical plant, exceeded the MCL
(50 ug/l). With samples ranging in concentration from 1,300 to 27,000 ug/l, the secondary MCL

(300 ug/l) for iron was also exceeded in seven of the onsite groundwater samples.

The only sediment samples with large quantities of inorganics of concern were collected from the
cooling pond (AP-SD-09) and drainage ditch adjacent to the gypsum stacks (AP-SD-12). Both had
chromium (7 and 3 times MQL), lead (5 and 4 times background estimated), and vanadium (7 and
6 times MQL). As with the sediment samples, onsite surface water samples were the only ones with
elevated quantities of contamination. The surface water sample from the cooling pond contained
cadmium (6 times MQL), chromium (13 times MQL), lead (3 times background), manganese (37 times
background), nickel (86 times background), and vanadium (27 times MQL). Cyanide (10 times MQL)
was also found in one offsite-sample collected on the northern drainage pathway, but it is not site
related. Since there were no inorganics of concern detected in elevated amounts in either offsite
sediment or surface water samples, it can be assumed that these contaminants are not migrating

from the facility along the surface water migration pathway.

Radium-226, radium-228, and gross alpha analyses were performed on select soil, sediment,
groundwater, and surface water samples. The radium-226 and radium-228 analyses for the sample
(AP-$5-07) were 18.5 and 14.5 times background respectively; while the onsite soil sample was
9.1 times background for radium-226, but not elevated for radium-228. The sediment sample
collected from the northern drainage ditch (AP-SD-06) was slightly elevated (2 times background) for
radium-226 and beneath background values for radium-228. Radium-226 was more elevated
(10 times background) in the sediment collected in the southern drainage ditch (AP-SD-12). Although
there are no specific criteria for radium deposition, the National Council on Radiation Protection and
Measurements (NCRP) has recommended a guide of 40 picocuries of radium-226 per gram of soil as a
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concentration to be evaluated for agricultural land use (Ref. 27). All of these values are beneath that

quantity.

The gross alpha particle activity for two groundwater samples (AP-TW-01, AP-MW-03) was above the
maximum contaminant level (MCL) for primary drinking water standards (15 pCi/l). The sample
collected from a surficial aquifer monitoring well (AP-MW-03) was 44.6 pCi/l. This value was slightly
lower than the background (53.8 pCi/l) which was above the MCL. The amount of radium-226 in this
monitoring well sample (AP-MW-03) was also slightly elevated (2.2 times background). Both
groundwater samples (AP-TW-01, AP-MW-03) exceeded the combined radium-226, radium-228 MCL
(5 pCi/l) for primary drinking water standards with combined values of 9.75 and 18.2 pCi/l,
respectively. Radionuclide analyses were not elevated in the third groundwater sample. The only
elevated quantity in surface water was for radium-226 (3.4 times background) in the sample collected

from the southern drainage pathway (AP-SW-06).
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5.0 SUMMARY

All three contaminant pathways, surface water, groundwater, contact, and air, are of concern for
AMAX Phosphate. Surface water run-off from the facility is channeled by way of two drainage
ditches into either Bishop Harbor then Tampa Bay, or Piney Point Creek and then Tampa Bay. Fishing,
boating, and bathing occur along the surface water migration pathway. Additionally, the area is
surrounded by wetlands which drain toward the north into the Little Manatee River. This river is a
critical habitat for the Florida manatee (Trichechus manatus), which is often sighted in the river.
There are also other federally and state-protected or endangered species with ranges in the area.

Furthermore, the facility is located in a flood plain, making migration of contaminants more likely

during wet weather.

Since many people within the 4-mile radius obtain potable water from shallow wells, groundwater
contamination may pose a serious potential threat. Water for irrigation is also obtained from wells in

Manatee County. Additionally, the area is characterized by karst terrain containing sinkholes and

underground cavities.

Gases from the site make airborne contamination a potential threat. Emission of phosphorous and
sulfur oxides from the stacks pose a potential problem with air contamination. Because of the acidity
of the process waters, the small amount of fluorides in the gypsum are converted to hydrogen
fluoride. In fact, fluorides that probably originate from hydrogen fluoride are often found during
the analysis of grass and foliage. Airborne contamination was evident from the stressed vegetation

surrounding the plant. This could affect the residents and cattle in the area also.

Since the gypsum stacks are in the open, and process water is evident throughout the facility,
contamination from contact could pose a potential threat to onsite employees. As the facility is not

fenced along the southern border, access can be attained by foot.

During this sampling investigation, 44 environmental samples were collected. These include soil,
groundwater, sediment, and surface water samples. The only organic pollutants of concern detected
in elevated quantities in soil were toluene and carbon disulfide. Carbon disulfide, a by-product in the
sulfuric acid manufacturing process, was also found in one groundwater sample collected from an
onsite monitoring well. There were no organic compounds of concern that are associated with the

processes at the plant found in either sediment or surface water samples.
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In order to characterize the inorganic constituents in gypsum, a sample of newly deposited material
was analyzed. It contained the following metals: aluminum, barium, calcium, chromium, iron, lead,
magnesium, manganese, nickel, sodium, and vanadium. Those inorganics of concern detected in
elevated quantities in soil samples, and also found in the gypsum, were barium, cadmium, chromium,
manganese, nickel, selenium, and vanadium. Only cadmium and manganese were detected in
elevated quantities in one onsite groundwater sample. The primary EPA maximum contaminant level
(MCL) for drinking water standards was exceeded for manganese in this sample. Although the
quantity of arsenic was not elevated, the MCL was exceeded in one groundwater sample collected on
site. Additionally the secondary MCL in drinking water for iron (300 ug/l) was exceeded in seven of

the onsite groundwater samples.

Chromium, lead, and vanadium were detected in elevated quantities in a sediment sample collected
on site from the drainage ditch, while the only surface water sample containing elevated amounts of
inorganics, including cadmium, chromium, lead, manganese, nickel, and vanadium, was taken from

the cooling pond. There was no evidence of migration of these contaminants along the surface water

pathway from this study.

Analysis for radioactive nuclides in soil samples revealed that the onsite soil sample contained an
elevated amount of radium-226 but not radium-228. Also, the amount of this nuclide in the southern
drainage pathway was more elevated than in the northern drainage pathway (10 times versus 2 times
background). Values of radium-226 and radium-228 were 18.5 and 14.5 times background,
respectively, for the gypsum sample. However, none of these values exceeded the National Council
on Radiation Protection and Measurements maximum criteria for radium-226 deposition on
agricultural land (40 pCi/g). For groundwater samples, the MCL for primary drinking water standards
was exceeded for gross alpha particle activity (915 pCifl) for the background and one onsite surficial
aquifer monitoring well sample. Additionally, the combined radium-226, radium-228 MCL (5 pCi/)
was also exceeded for these two samples. This value for radium-226 was exceeded for the surface
water sample collected in the southern drainage pathway too; however, this is not a potable source.
Unlike the organic and inorganic results, the elevated radium-226 values for the surface water and
sediment samples collected in the southern drainage pathway indicate migration of this nuclide from

AMAX along the surface water pathway.
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Because of the targets associated with the four contaminant pathways and the elevated quantities of
contaminants found at AMAX Phosphate, FIT 4 recommends that this site be evaluated using the HRS
(effective March 14, 1991).
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composed of carbonate deposits (usually dolomitic) that contain
varying amounts of interbedded quartz sand, clay, and phosphate.

The middle section consists of interbedded sandy carbonate, clayey
sand, and sandy clay. The upper Hawthorn section is predominantly
composed of clastic deposits that consist of quartz, phosphate sand
and pebbles, and light green to a moderately dark gray clay (Hall,

1983). The trifold subdivision of the Hawthorn Formation is most
~apparent in the south. Elsewhere, one or two of these units may be
absent, or the upper unit may lie directly over the lowermost unit.
In the north, the units become less distinctive and merge to a
single unit where a sandy phosphatic clay perdominates, or the
Formation is absent. The thickness of the entire Hawthorn Formation
varies from thin to absent in the northern areas of the SWCFGWB to
greater than 600 feet in the southern areas.

Oligocene -~ The only formation of this epoch is the Suwannee
Limestone. It is composed of hard, yellow or creamy fossiliferous
limestone, which locally has an orange tinge. Interbeds may contain
quartz sand, and dolomite is common toward the unit’s base from the
Tampa Bay area southward. The upper part may contain thin chert
lenses and be highly macrofossiliferous. The Suwannee is exposed in
parts of Pasco County, and in the northeast corner of Hillsborough
County, and pinches out in Polk County. The Suwannee is as much as
300 feet thick in the southern areas of the SWCFGWB.

- The Eocene formations within the SWCFGWB consist of
the Ocala Limestone, Avon Park Formation, and Oldsmar Formation, in
descending order. The Ocala Limestone consists of three units. 1In
descending order these units are the Crystal River, Williston, and
Inglis. All three units generally consists of a coquinic
foraminiferal 1limestone, usually cream to white in color. The
Inglis Member frequently contains gray to brown dolomite, and chert
layers that can be present throughout the entire Ocala Limestone.
The Ocala Limestone outcrops in northern Polk and southern Sumter
Counties within the Green Swamp area (Pride and others, 1966). The
Ocala ranges in thickness from less than 300 feet in the northern
areas of the SWCFGWB to greater than 600 feet in thickness in the

southern areas.

The Ocala is unconformably underlain; by the middle Eocene Avon Park
Formation. Lithologically, the Avon Park is composed of
fossililferous limestone and dolostone. The limestone is moderate
brown, dark-yellow brown to rusty-yellow brown, porous and very fine
to medium grained and may be crystalline or saccharoidal in texture.
The top of the Avon Park may contain peat or carbonaceous layers and
the bottom may contain small lenses of evaporite. The Avon Park
Formation thickens to greater than 1,000 feet in the SWCFGWB. T
Avon Park is the deepest potable water bearing formation in € ko
SWCFGWB, therefore, older geologic formations will not be discuss d fime

EARST ACTIVITY

Florida’s landscape, including the SWCFGWB, is dominated by features
of Xkarst topography. Karst topography develops where rainfall
drains internally and rocks are susceptible to solution (Ritter,

1979). In these areas, the solution process can create and enlarge
cavities within the rocks and allow underground circulation of water
which, in turn, promotes further soclution. This leads to
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TABLE 3: Major springs and flow in the Southern West-Central
Florida Ground-Water Basin (from Roseneau and others,

1977) .

INDEX SPRINGS DISCHG(CFS) INDEX SPRINGS DISCHG (CFS)

1 SALT 9.5 7 - SIX MILE CREEK 1.5

2 CRYSTAL 60 8 BUCKHORN 15.5

3 HEALTH 6.5 9 LITHIA 51

4 SULPHUR 44 10  KISSENGEN 9.5

5 LETTUCE LAKE 9.5 11 WARM MINERAL 1l

6 EUREKA _ -1.5 12 UNNAMED 30
GROUND WATER
Surficial Aguifer System

A distinct surficial aquifer system exists throughout nearly all of
the SWCFGWB and consists of marine and non-marine quartz sand,
clayey sand, shell, shelly marl, and phosphorite, with occasional
stringers of marl and limestone. The surficial system extends from
land surface to the ¢top of the upper confining bed of the
Caloosahatchee Marl, Bone Valley Formation, Tamiami Formation, or
Hawthorn Formation, whichever is first stratigraphically
encountered. Water in the surficial aquifer system is generally
unconfined; however, 1locally within the aquifer system are weak
semi-confined layers that poorly confine the ground water. Average
thickness of the aquifer is about 25 feet, but ranges from a foot or
less, where limestone or clay outcrop or are near land surface, to
several hundred feet beneath the Highland Ridge (Figure 13).
Extreme thicknesses of 300 to 600 feet or more have been reported
along the eastern side of the Lake Wales Ridge in .Polk County
(Stewart, 1966).

Surficial Aquifer Hvdraulic Properties

Hydraulic properties of the surficial aquifer system in the SWCFGWB
vary widely due to variation in types of material that comprise the
aquifer; 1its physical characteristics, such as grain size and
sorting; and thickness of the saturated zone. Hydraulic properties
for the surficial aquifer system are listed in Table 4. The
locations of the aquifer test sites at which these values were
derived are given in Figure 19.

Transmissivity of the surficial aquifer system ranges from about 20
feet squared per day (ft /d) where fine clayey sand predomlnates, to
greater than 5,000 £t /d in some clean shell beds in the southern
areas of the SWCFGWB. Transmissivities are lowest to the north and
along the coast where the aquifer is composed of mostly fine grained
clastics, and saturated thickness is least. Transmissivities are
greatest in southern Sarasota, Charlotte, and Lee Counties.

Specific yield of the surficial aquifer ranges from 0.05 to 0.3
(Wilson and Gerhart, 1980). Determinations of vertical hydraulic
conductivity have been made from lab tests on undisturbed samples,
range from 0.12 x 1075 to 13 feet per day (ft/d) (Sinclair, 1974:
Hutchinson and Stewart, 1978; Healy and Hunn, 1984). Determinations
of horizontal hydraulic conductivity range from 0.0028 ft/d ¢to
greater than 1,000 ft/d (Healy and Hunn, 1984).
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IIX. MANATEE COUNTY OVERVIEW
Sett] s] - Topogra and i e

Manatee County is located on the west-central coast of Florida and
fronts on Tampa Bay at its southern-most point. Manatee County is
bounded by Hillsborough County on the north, Hardee and DeSotc
Counties to the east, Sarasota County on the south, and the Gulf of

Mexico and Tampa Bay to the west (Figure 53). Manatee County
contains about 739 square miles of land area and 46 square miles of
inland surface-water area. Land surface altitudes range from sea

level 2long the coast to about 135 feet above NGVD in the northeast
(Figure 54).

The physiographic provinces of Manatee County were described by
White (1970). These provinces are the Gulf Coastal Lowlands, the
Desoto Plain, and the Polk Upland (Figqure 6). The ancient stands of
sea level above its present level during Pleistocene time shaped the
topography into marine terraces across the county. The Pamlico
Terrace, generally less than 20 feet above NGVD, and the Talbot
Terrace, about 40 feet above NGVD, form the relatively flat, poorly
drained Gulf Coastal Lowlands. The Penholoway Terrace, about 60 to
70 feet above NGVD and the Wicomaco Terrace, about 90 to 100 feet
above NGVD, make up the DeSoto Plain. The highest and oldest
surface is the Sunderland Terrace that formed when the sea was 170
feet above the present level. The Polk Upland physiographic unit
was formed by the Sunderland Terrace. Recent stream and river
erosion have modified these terraces but large areas of relatively
flat land remain where the drainage is poor.

Principal surface-water drainage for the county is through the
Manatee, Little Manatee, Myakka Rivers, and their tributaries. Many
coastal streams drain directly into the Gulf of Mexico. The large
flatland areas of the county are poorly drained and contain many
small, shallow lakes and swamps. A canal network has been dug
throughout the county to augment natural drainage (Brown, 1983).

Climate

The climate of Manatee County is humid and sub-tropical, charac-
terized by high mean annual rainfall and temperature. Warm humid
summers and mild winters are the result of the low latitude and th%/
stabilizing affect of the Gulf of Mexico and the Atlantic Ocean. !
Data collected by the National Weather Service indicate that the
mean annual air temperature in the county is about 72°F, and mean
monthly temperatures range from 60°F in winter to 80°F in summer.
Summer temperatures usually peak in the low to mid-90’s but are

moderated by frequent afternoon convectional thundershowers. Winter

temperatures vary the most during late winter when cold fronts bring
arctic air from the northwest. These fronts may bring minimal
temperatures below freezing but day light temperatures rarely reach
freezing levels. Cold weather generally lasts only two to three
days and are separated by warm days (Wolf and others, 1986).
Average low temperatures are near 50°F during the coldest months
(December, January, and February).
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Lessor amounts of water are withdrawn from the surficial and
intermediate aquifer systems and are used primarily for domestic
supply, with other uses including stock watering, agricultural
irrigation, and small public supplies. Most irrigation wells that
penetrate the Floridan aquifer are also open to the intermediate
systen.

S ici i ' stem(*

In Manatee County, the surficial aquifer system is composed
primarily of deposits of sand, gravel, shells, and limestone whose
composition may vary laterally and vertically. The deposits
comprise the Pliocene to Recent age undifferentiated sands, terrace
deposits, and the Bone Valley Formation. 1In the eastern and central
part of Manatee County, the aquifer consists mostly of medium to
fine-grained, well-sorted, quartz sand and ranges in thickness from
about 10 to 90 feet (Figure 65). Within this area, the sands
contain a hardpan layer that consists of sand and carbonaceous and
limonitic material that averages about 5 feet in thickness. The
hardpan retards vertical flow of water. The sandy clays of the Bone
Valley and Hawthorn Formations form the base of the surficial system
in eastern Manatee County. In the western part of the county, the
system consists of sand, sandy limestone, and shell and ranges from
about 1 to 20 feet in thickness. The sandy clays, clays, and marls
form the base of the surficial systen. A listing of aquifer
coefficients derived from aquifer tests of the surficial aquifer
"gystem in the SWCFGWB are included in Table 3. Locations of these
tests are given in Figure 19. Seasonal fluctuations in the water
table are generally less than 5 feet and are generally lowest in
April or May and highest in September. '

The direction of ground-water flow in the water table is generally
west and south in Manatee County. The configuration of the water
surface is similar to that of the land surface. Water surface is at
sea level along the coast and increases to altitudes of about 130
feet above NGVD in the northeast area of the county. Depth to the
water table ranges from zero in coastal and flat, poorly drained
areas, to about 10 feet below land surface in topographically high
areas. The average depth to the water table is about 5 feet.

In some areas, the surficial aquifer is confined by layers of
hardpan, clay, or 1limestone. Many shallow wells in the county
penetrate one or more of these confining layers. Generally, the
artesian pressure is insufficient to produce flowing wells (Peek,
1958b). The surficial aquifer supplies the least quantity of water
in the county. Small volumes of water are used for domestic use,
lawn irrigation, or stock watering. Most wells that tap the
surficial aquifer have small diameters and yield less than 50 GPM.
Most surficial wells are finished as open holes; some are screened.

e

Aquifer Properties ' "

The transmissivity of the surficial aqgiter in Manatee County ranges
from less than 267 to about 5,304 ft</d (Table 3). The transmis-
sivity of the thick sand and phosphorite deposits in the south-
central part of the county probably ranges from about 1,000 to 2,000
ft2/d (Brown, 1983). Similar transmissivity was reported by Wilson
(1972) and Hutchinson and Wilson (1977a) for surficial deposits in
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DeSoto and Hardee Counties. Transmissivity of the surficial aquife
in Charlotte County south of Manatee County, that consists of san
and interbedded shell and limestone similar to dep051ts in wester
Manatee County, was reported to be about 7,000 ££2 /d (Sutcliffe

1975) .

The storage coefficient of an unconfined aquifer is virtually equa
to the specific yield, which is commonly determined by laborator
drainage tests. In Manatee County, the storage coefficient of th
surficial aquifer is 0.05 to 0.12 (Table 3). Similar estimates o
storage coefficients based on laboratory specific-yield tests o.
similar deposits in Polk County ( Pride and others, 1966) and i:
Hillsborough County (Sinclair, 1974) and on an aquifer test 1i:
southeastern Hillsborough County (Hutchinson, 1978).

Water Quality (*)

The chemical quality of ground water is primarily affected by the
quality of rainfall that recharges to the aquifer, types of rocks i:
which water is in contact, and length of time water has beer
circulating within the aquifers. In Manatee County, the chemica:
quality is also affected by intrusion of seawater or the mixing o:
relatively fresh water with highly mineralized water, believed to be¢
residual seawater within the water-bearing formations (Peek, 1958a).

Wells that penetrate deep water-bearing zones are commonly con-
structed with tens to hundreds of feet of open hole and are open tc
one or more water-bearing zones. Water in each zone has distinctive
wataer-quality characteristics. Thus, the quality of water pumpec
depends on which 2zones are tapped and the proportion of water
derived from each.

The dissolved mineral content of water from the surficial system in
Manatee County varies greatly. Water is generally of potable
quality except near the coast and tidally affected streams where
saltwater intrusion has taken place.

In northeastern Manatee County, the surficial system is composed of
relatively insoluble, quartz sand resulting in water that is low in
mineral content and hardness (Figure 66). Dissolved solids
concentrations are usually less than 300 mg/L. Concentrations of
chloride and sulfate are also low, usually less than 10 mg/L and S
mg/L, respectively:. Most water that is soft and low in minera
content has a relatively low pH.

Near the coast and tidally affected streams, water in the surficia

system has concentrations of dissolved solids and chlorides of more
than 200 and 50 mg/L, respectively. Concentrations of sulfate vary
considerably, but are usually less than 20 mg/L. In many places
along the coast, water in the surficial system is highly mineral-
ized, approaching that of seawater. In some low-lying and coastal
areas, the surficial system is highly mineralized because of

. infiltration or intrusion by seawater, 1leakage from improperly

constructed wells, uncapped flowing wells, and irrigation water from
wells that contain moderate to highly mineralized water (Joyner and
Sutcliffe, 1976). Appendix D and E lists the water quality sampling
sites and data utilized to modify and update the water quality maps
for Manatee County.
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Aquifer Propertijes(w¥)

The transmissivity of the Floridan aquifer system ranges from about
4,900 to 160,000 £t /4 (Table 3). Transmissivity of the dolomite
unit of the Avon Park Limestone lower water~bearing zone ranges from
about 20,000 to 700,000 ft2/d. Most _production wells, however, are
also open to the lower part of the middle zone (Ocala Limestone).
In eastern and southeastern Manatee CQunty, the transmissivity of
this zone ranges from 60,000 to 150,000 ft2 /d (Brown, 1983). In
western Manatee County, the transm1551v1ty of the upper and middle
zones is about 15,000 £t /4 (Peek, 1958a). In northeastern Manatee
County, Guyton and Associates 51976) reported an estimated
transmissivity of about 3,300 ft for the Suwannee Limestone
and also indicated that little water can be produced from the Tanmpa
Limestone.

The_ storage coefficients of most confined aquifers range from about
10°3 to 1073 and are about 106 per foot of thickness (Lohman,

1972). The storage coefficient of the Upper Floridan aquifer in
Manatee County ranges from 0.0002 to 0.002 (Table 3). Leakance from
the surficial aquifer system to the Upper Floridan aquifer where
differences in head are favorable could not be determined accurately
from aquifer tests. This was due to (1) extreme thickness of the
upper confining beds (about 200 to 400 feet), (2) small drawdowns
due to high transmissivity of the aquifer, (3) large fluctuations in
background water levels due to seasonal irrigation, and (4) short
duraticn of most aquifer tests (less than 30 days) Leakance to the
Upper Floridan aquifer is probably less than 10™* (ft/d)/ft and is .
estimated to range from 0.00004 to 0.0027 (ft/d)/ft. Estimated
leakances determined from aquifer tests range from 10~ to 10°

(£t/4)/ft. In northeastern Manatee County, William F. Guyton and
Associates (1976) estimated leakance to be about 1.34x10°6 ¢

1.34%10°5 (£t/d)/ft. y
Water Quality(*) °

Water in the Upper Floridan aquifer is generally more mineralized
than water from the surficial and intermediate aquifer systems.
Mineral content of the water within the aquifer varies vertically -
and areally. 'Mineral content of the water generally increases with
depth of the aquifer penetrated. Water from wells open to the upper
water-bearing zone is generally less mineralized than water from
wells open to the middle water-bearing zones. Water from wells open
to the lower water-bearing zone or to the full thickness of the
aquifer has the highest mineralization.

Dissclved Solids.--Concentrations of dissolved solids in water from
the Upper Floridan aquifer range from about 300 to more than 2,500
mg/L in the three major water-bearing zones. Concentrations
generally increase with depth and laterally from the northeastern
part of the county towards the west and south. Dissolved solids in
water from wells penetrating the upper zone exceed 500 mg/L in the
western and southern parts of the county (Figure 68a).

Water from wells penetrating the middle zone has dissolved solids
concentrations ranging from about 300 to 1,800 mg/L (Figure 68b).
In northeastern Manatee County, dissolved solids are less than 500
mg/L, and in the western and southeastern parts of the county,
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subdued. Figure 5 illustrates east-west and north-socuth treni-
cross-sections that depict the topography in the SWCFGWB. Figqu-=
illustrates the physiographic regions of the SWCFGWB. ]

The dominant river basins, ranked in descending stream flow c==:
are the Peace, Hillsborough, Alafia, Shell Creek, Myakka, Hc=z
Creek, and Manatee Rivers. All of these rivers have an average Z:
greater than 100 cubic feet per second (cfs). The major rivs=s
begin on the Polk Upland and flow west or southwest to the Gulf :
Mexico. The major wetland is the Green Swamp but many of the rivs
flood plains are low, wetland strands.

There are numerous second and third magnitude springs in <=
northern area of the SWCFGWB but south of central Hillsborough ==
Polk almost no springs exist today. The only three springs repor-=
are Pinehurst, Little Salt, and Warm Mineral Springs, which are z_
located in Sarasota County. The latter two springs exceed potatl:
standards for salts concentration. Virtually all springflow .=

derived from the Floridan agquifer systen.

The geology, topography, and drainage are all interdependent wiz=
water erosion shaping the limestone chemically and mechanicallr.
The karst nature of the limestone results in solution featurs:s
redirecting runoff underground. The sand and soft limestc:=s
supporting the flat to hilly topography was first shaped by beac
erosion terracing the sand and stone. Afterwards, weak limestons
caverns collapsed and surface erosion reshaped the highland sands.
The southern plains and lowlands lack the underground drainage anz
typical karst topegraphy. Surficial erosion by rivers anz
transgressive/regressive seas dominate the land forms. Nutrient:
and fresh water entering the Gulf also supports a large estuars
system along the coast.

The SWCFGWB is characterized by karst terrain, in the northern an:z
eastern areas, developed through the dissolution of the underlyin:
shallow sinkholes. Surface drainage is absent or poorly develope:
in most of these areas, but waters from Hillsborough, Anclote, anc
Pithlachascotee Rivers flow through well-defined stream channels.
Thick clay layers of the Bone Valley, Caloosahatchee, and Hawthorm
Formations subdue karst activity in the flat lands of the central

and southern SWCFGWB.

CLIMATE

The climate of the SWCFGWB is characterized by 1long, warm, humid
summers and short, mild winters. Average monthly temperatures range
from 61° P in January to 82° F in July and August (National Oceanic
and Atmospheric Administration (NOAA), 1986). Average annual

temperature is 73° F.

Some rainfall normally occurs during each month, but a SWCFGWB high
rainfall season extends from June through September and a low
rainfall season extends from October through May. The winter
rainfall is relatively light because west-central Florida is south
of the normal southern limit of winter frontal systems. About sixty
percent of the annual rainfall occurs during the rainy season and is
derived principally from convectional storms. The Weather Bureau
Stations at sSt. Leo, Bartow, and Punta Gorda were chosen to

11



¥

— ¥ L_»

L b

represent the SWCFGWB. Figure 7 shows the historic median and mean
monthly rainfall. Figure 8 depicts the annual total rainfall
record for these three weather stations in the SWCFGWB. Spatially,
summer rainfall is highly variable; areas only a few miles apart
often receive widely differing amounts of rain. '

Estimates of evapotranspiration (ET) within the SWCFGWB vary:
however, approximately 39 inches per year is generally accepted.
Close to sixty percent of the total ET occurs in the six month
period from May to October (SWFWMD, 1978). The highest ET rates

- occur in May and June.

GEOLOGY OF THE BASIN
overview

The SWCFGWB is underlain by a thick sequence of Cretaceous and
Tertiary carbonate rocks overlain by a wedge-~shaped sequence of
interbedded carbonate and clastic deposits. The principal

" hydrogeologic units are the surficial, intermediate, and Floridan

aquifer systems, as described by the Ad Hoc Committee on Florida
Hydrostratigraphic Unit Definition, 1984: The upper one to two
thousand feet of the limestones and dolomites that comprise the
Floridan aquifer system are considered the Upper Floridan aquifer
(Miller, 1982). Table 1 contains the lithologic characteristics and
water supply properties of the potable water bearing deposits in the
SWCFGWB. Figqures 9 and 10 is a hydrogeologic cross-section and a
surficial geologic map of the SWCFGWB, respectively.

The Upper Floridan aquifer is a solution~-riddled and faulted lime-
stone comprised of chemically precipated limestones and dolomites
that contain shells and shell fragments of marine origin. The
system was deposited throughout the Tertiary period. This aquifer
system is the principal storage and water conveying component of the
hydrologic system in the SWCFGWB. The carbonate units that are
hydrologically significant, in ascending order include the Avon Park
Formation, Ocala Limestone, Suwannee Limestone, Tampa Limestone, and
portions of the Hawthorn Formation that are in hydrologic connection
with underlying units. These units range in age from Eocene to
Miocene. The Tampa Limestone of Miocene Age is generally thin to
absent throughout the northern and eastern areas of the SWCFGWB. In
the SWCFGWB the Upper Floridan aquifer may contain one or more
inter-aquifer confining beds which, in turn, produce a multi-aquifer
system. The system thickens from less than 800 feet in the north to
greater than 2200 feet in the south (Figure 11).

Early in the Miocene Epoch, terrestrial deposits were carried by
rivers from the north and intermixed with the upper Tertiary
deposits. Clastic deposition continued through the Pliocene and
Pleistocene Epochs with phosphatic enrichment of clastic sediments
becoming more pronounced. The Hawthorn Formation of Miocene age and
the Caloosahatchee, Tamiami, and Bone Valley Formations of Pliocene
and Pleistocene age predominately comprise the intermediate aquifer
system. In areas of Polk, Manatee, Hardee, DeSoto, Sarasota, and

Charlotte Counties, sand and clay beds within the Tampa Limestone
are hydraulically connected to the overlying units and are also

~included in the intermediate aquifer system (Corral and Wolansky,

1984). Units of the intermediate system consist of sand, gravel,
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nISTUSSION

As 8 result of the extraction of fhosprate Ircm cre, gypsum
(hydrated calcium sulfeze) Iis Produced acs a byproduct. The
gypsum is pumped &s a clurry with plant process water to the
cops ¢£ cyvpsum stacks for disposzl. The plant process water :c
typically characterized as having a very low pH eand high
concentrations o¥ &rsernic, cadmium, chromium, lead, sodium,

oride, manganese, iron, sulfate and total dissolved soliés
(T2S). High levels cf radioactive particle emissions are also
tvpical for the plant process water.

Unless the gypsum stack and. associated process water cooling
pond are underlain by an impervious liner, contaminanzs are
Sischarced to grecundwater. Soils underliying the gypsum
szack/cooling pond complexes will have a variable capacity o
neucralize the low gH causing a number of the contaminants *o
precipitate from sclution and attenuating the propogation cf
such ccntaminants in groundwater.

0f the 15 gypsum stack/cooling pond complexes in the Southwest
District, 1l continue phosphate fertilizer production angd
associated gypsum disposal activities. Four of the 1l active
facilities have recently submitted applications to expand their

gypsum disposal operations.

Wwith the exception of Gardinier, all gypsum stack facilities
were issued permits for groundwater monitoring in September,
1985. The permittees collectively objected to language in
their permits which restricted their zones of discharge to the
surficial aquifer, and the permits were therefore withldrawn.
All permits for groundwater monitoring were reissued in early
1986 except those for C.F. Industries, Central Phosphates,
Conserv and Agrico Chemical Company. These facilities had
groundwater contamination problems which they wished to resolve
orior to applying for a second groundwater monitoring permit.
Agrico Chemical Company was issued a permit for crounswater
moniztoring early in 1587 wnich provideéd £for an extended zone ¢
cischarge. Twelve of the 15 fazilities therefoce have permics
for groundwater monitoring.

All gypsum stacks/cooling pond ccmpliexes foutinely monitor
crcximal groundwater guality pursuant to approved groundéwater
monitoring plans. All 15 :ac;l--zes are "EIxisting
Instellztions” &ni zce tThereicre not reguired tc meet seccnizry
Scinking wazer gtenfezzsis &t tnelrs zroperty scundascies ¢ within
The Intersmedizce ¢r Tlcrilen eguiisss unlesgs suriece weters o
ootTzils wells mIv oZs= zifz=z22.
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C.F, Tnidustries

~he facility includes sulfuric acid plants, phosphoric ac
rlants, cdiammonium phcsphate plants and a gypsum s~acL/cool ng
pond complex on apprcximately 1000 acres near Bartow in Polk
County. Operations began at the facility in 1962 and gypsum
d1sposal ceased for a time between 1986 and 1988. Gypsum
disposal activities continue at about 25% of plant capacity.

A groundwater mopitoring plan was submitted to the Department
in September, 1983 and was approved in January, 1984. A permi:
¢or groundwater monitoring was issued to C.F. Industries on
September 11, 1985 and was subsequently withdrawn on October
23, 1985. A groundwater monitoring permit has never been
reissued for this facility. As a result of groundwater
violations, C.F. Industries filed a petition for an extended
zone of discharge on December 31, 1986.

Groundwater quality problems have been reported in the
surficial aguifer at the site as follows:

Standard
arsenic : 1.8 mg/L .05 mg/L
cadmium .51 mg/L .01 mg/L
chromium _ 2.8 mg/L .05 mg/L
sodium 2100 mg/L 160 mg/L
gross alpha 5480 pCi/L _ 15 pCi/L
combined radium 8.9 pCi/L S pCi/L
£lucride 4690 mg/L 2 mg/L

Cor W
pH 1.5 sSU >6.5 SU
sulfate 4570 mg/L 250 mg/L

A Warning Notice was issued to C.F. Industries during July,
1985 for groundwater quality violations. The issues reised in
the Warning Notice were to be resolved by an extended zone of
édischarge onto adjacent property, however a determination as %o
the extended zone of discharge is pending the collection of
additional data. .

b o ©
The facilitfy incliudes sulfurizc aczié plants, phosphoric ecic
slants, g-anulates ztritile superghcsghate plants and a crrsunm
sSTtack/co0ling zcni comgliex Cn errrexzimately 1000 acres nears
Plant Cizy in Hills=coough Counmty. Operaticns began 2t :toie
Zacility in LSEE &nZ exzgended o l1cT:E



A groundwater monitoring plan was submitted to the Department
in September, 1983 and was approved in February, 1984. A
permit for groundwater monitoring was issued to Central
Phosphates on September 9, 1985 and was subsegquently withdrawn
on October 23, 1985. A groundwater monitoring permit has never
been reissued for this facility. An application for an
expanded gypsum stack/cocling pond complex was submitted by
Central Phosphates on January 19, 1988 and withdrawn on
November 4, 1988.

Groundwater gquality problems have been reported in the
surficial aquifer at the site as follows:

- . . V"
Contsminant ' Concentration Standard
Cadmium .022 mg/L .01 mg/L
chromium .052 mg/L .05 mg/L
lead .09 mg/L .05 mg/L
sodium 1250 mg/L 160 mg/L
gross alpha 29 pCi/L 15 pCi/L
Secondary Drinking Water Standards
Contaminant concentration ' Standard
manganese 12 mg/L .05 mg/L
sulfate : 500 mg/L 250 mg/L
iron 260 mg/L .3 mg/L
TDS 10,000 mg/L . 500 mg/L

A Warning Notice was issued to Central Phosphates during July,
1985 for groundwater quality violations and a Consent Order was
executed in September, 1987. Groundwater problems are now
known to occur within the Floridan aquifer beyond the facility
property boundary as follows:

o . W
Contaminant Concentration Standard
sodium - - 415 mg/L 160 mg/L
gross alpha 29.4 pCi/L 15 pCi/L

W - -
Centaminant centrati Siandazd
sulfate 2230 mg/L 250 mg/L
iren 30 mg/L .3 mg/L
=08 2700 mg/L S00 mg/L

od 6§.37 SU >6.5 SU

)
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The facility includes a sulfuric acid plant, a phosphoric acig
plant ‘a diammonium phosphate plant and a gypsum stack/cooling
sond complex on approximately 800 acres near Nichols in Polk
County. Operations began 2t the facility in 1953 and expanded
in 1962.

A groundwater monitoring plan was submitted to the Department
in September, 1983 and was approved in February, 1984. A
permit for groundwater monitcring was issued to Conserv on
September 5, 1985 and was subsequently withdrawn on Octcber 23,
1985. A cgroundwater monitoring permit has never been reissued
for this facility. An application for an expanded gypsum
stack/cooling pond complex was submitted by Conserv on February
26, 1988. It is anticipated that the application for an

- ’

expansion permit will be withdrawn by Conserv.

Groundwater quality prokblems have been reported in the
surficial aguifer at the site as follows:

Standard
arsernic .15 mg/L .05 mg/L
chromium .22 mg/L .05 mg/L
sodium 630 mg/L 160 mg/L
gross alpha - 50 pCi/sL 15 pCi/L

ey - 5 - W >
Contaminang Concentration Standard
sulfate . 3620 mg/L 250 mg/L
iron 110 mg/L .3 mg/L
manganese 3.4 mg/L .05 mg/L
pH 4.3 SU >6.5 SU
pye; 8760 mg/L S00 mg/L

A Warning Notice was issued to Conserv in June, 1985 for
groundwater cuality violeticns. The issues reised in the
Warning Notice are to be resolved by execution of an acceptzktie
Consent Order. :

v T ~eio

The facility includes phosphosic acid plants and a gypsum
stack/cesling pond cecmslexr ¢n e-greximately 1000 acces nee

ztow In Pclk Counmey. Cgperziizns Segan at the Zfazzilicy o
ené exgended i =TI,

[ )]
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A groundwater monitoring plan was submitted to the Department
in September, 1983 and was approved in February, 1984. A
permit for groundwater moritoring was issued to Farmland on
September 11, 1985 and was subsequently withdrawn on October
23, 1985. A second permit for groundwater monitoring was

issued on January 31, 1986§.

Groundwater quality problems have been reported in the
surficial aquifer at the site as follows:

Drim w T e ra
chromium .066 mg/L .05 mg/L
sodium 1064 mg/L 160 mg/L
gross alpha 111.9 pCirsL 15 pCisL
~on rinki W
contaminant congentration Standard
iron 30 mg/L .3 mg/L
manganese .38 mg/L .05 mg/L
TDS 11,000 mg/L _ 500 mg/L
sulfate. 3500 mg/L 250 mg/L

A Warning Notice was issued to Farmland during October, 1987
for groundwater quality violations. A proposed Consent Order
is to be issued to Farmland by December, 1988.

The facility includes sulfuric acid plants, phosphoric acid
plants, triple superphosphate plants, ammonium phosphate plants
and a gypsum stack/cooling pond complex on approximately 2600
acres near Gibsonton in Hillsborough county. Operations began
at the facility in 1924 and closure of the existing facility is
anticipated by 1990 as construction of a new facility on
separate property has recently been permitted.

A groundwater monitoring plan was submitted to the Depariment
in September, 1983 and was approved in January, 1584. A permit
£or groundwater monitoring was issued to Gardinier on May 19,

1586.

The Department filed a8 complaint against Gardinier in June,
1988 to address environmental impacts associated wzth an aciad
spill which occurred in May, 1588.
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~he facility includes csulfuric acid plants, phosphoric ac:id
plants, a granulated triple superphosphate plant and a gypsum
stack/cooling pond complex on épproximately 2200 acres near
Fort Meade in Polk County. Operations began at the facilicty :in

1955.

A grourndiwater monitoring plan was submitted to the Department
in September, 1983 and was approved in JSanuary, 1984. A permit
for croundwater ‘monitoring was issued to Agrico on September
10, 1985 and was subsequently withdrawn on October 23, 1685. A
second permit for groundwater monitoring was issued on Canuary
20, 1987 which provided for an extended zone of discharge cn:o
adjacent property.

Groundwater quality problems have been reported in the
curficiel aquifer at the site as follows:

Drimary Drinli v
Cconsaminang Concentration Standard
arsenic .26 mg/L .05 mg/L
sodium 1146 mg/L 160 mg/L
gross alpha 152.4 pCi/L 15 pCi/L
combined radium 34.2 pCi/L 5 pCi/L

; Drinki W St Jarg
contaminant Concentration Standard
sulfate 2900 mg/L 250 mg/L
TDS 7046 mg/L 500 mg/L

A Warning Notice was issued to Agrico during July, 1985 for
groundwater quality vioclations. The issues raised in th
Warning Notice were resolved by extending the facility zone cf
cischarge onto adjacent property.

. . c . =

The facilitf included a sulfur-ic acid plant, a phosphoric acic
plant, a triple superphosphate plant and a gypsum stack/cool--g
pond complex on approximately 300 acres near Fort Meade in Do?k

County. Operations began at the facility in 1657 and ceased :i:x
1871.

A crcundwater monitosing cian was submiitted Lo the Departmenc
in Segtemder, 1SE€3 and approved in March, 1584. A permit ZIos
groundweter menictoring was issuess to Amerizan Cyanamil cn Jurns
£, 1884 znd suitsecuentiy withizzwn on October 23, 1SEE. =~
sezznd cermic 2T groundiwater moniizcring was issuel cnoATTil
0, 1%

-
wm
et



Eleven of the 15 gypsum stack/cooling pond complexes sre
reporceCly violating primary Crinkinc water standards within
rhe surficial aquifer at their property boundaries, ani/or
within the Intermediate cr Ficrila asguifers. Groundwater
quality investigations at 6 of these 1l facilities are
currently being conducted through various enforcement
mechanisms. As mentioned previously, groundwater quality
violations at the Agrico Chemical £facility have been addressed
vy modifying thei:r groundwater monitoring permit to provide fcr:
an extended zone-of cdischarge onto adjacent property.

All 15 gypsum stack/cooling pond complexes may be expected to
leach contaminants to groundwater for a period of 50 years or
more following the cessation of gypsum disposal activities.
Appropriate site closure may help to minimize the spread of
contaminants to proximal groundwater or surface water.
canovative uses ¢f the remaining gypsum such as incorporation
into building materials or road bed materials may also be
encouraged cduring site closure.

Solié waste statutes which became effective October 1, 1988
require that all facilities disposing of their own so0lid waste
on their own property after that date address groundwater
gischarges through an appropriate permit. The extent to which
other solid waste rules, such as those requiring impervious
liners, site closure and financial assurance, may apply to
gypsum stacks is unclear.



Serong rinking Was candearg

- vr* -~ LR L n Chanaﬂavd
sulfate 261% mg/L 250 mg/L
7DS §144 mg/L S00 mg/l
iron 21.8 mg/L .3 mg/L
manganese .46 mg/L .05 mg/L
pH 6 1l sU >6 5 SU

(£ 3 L4 > -

The facility includes sulfuric acid plants, phosphoric acid
plants, ammoniated fertilizer plants and a gypsum stack/cooling
pond complex on approximately 300 acres in Manatee County.
Operations began at the facility in 1966 and expanded in 1978.

oring plan was submitted to the Department

A groundwater monit
A

in September, 1983 and was approved sometime thereafter.
permit for groundwater monitoring was issued to AMAX on
September 9, 1985 and was subsequently withdrawn on October 23,

1:588. A second rermit for groundwater monitoring was issued on
March 14, 1987, following the collection c¢f adéitional
information.

Groundwater qQuality problems have been reported in the
surficial aquifer at the site as follows:

Pra L & w *
sodium 180 mg/L 160 mg/L
P~ > > w
Contaminant Concentration Stancdard
sulfate 745 mg/L 250 mg/L
TDS 1586 mg/L 500 mg/L
manganese .31 mg/L .05 mg/L
iron 2.9 mg/L .3 mg/L

Piney Point may be

Whether contaminants reported at
attributed to proximity to Tampa

ams r formarliv W

The facility inc‘udes sulfuric a
superzhosphate plants, c=hacschori
chosghate plants an: tws cyssum
ecprcximately 20C3 szres near Za
gyosum €task/cooliing zonéd csompls
e€iecent 0 the fertilizer zlans
€£TEsA/223sling pgoni comolex fs= it
Coperations &t £he nsotn gyssum s
ZserzctizZns =T TnE STuTn o IyTsunm o<

Royster,
Bay is unclear.

cid plants,
¢ acid zleéen
stack/ceoll
TIow in
is -o*a:ed
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A groundwater monitoring plan was submitted to the Department
in September, 1583 and was approved sometime thereafter. A
permit for groundwater monitoring was issued to W.R. Grace on
September 10, 1985 and was subsequently withdrawn on October
23, 1985. A second permit for groundwater monitoring was
issued to W.R. Grace on April 15, 198s6.

Groundwater quality problems have been reported in the
surficial aquifer at the site as follows:

Pri r:inid W -
Contaminant Concentration Standard
sodium 755 mg/L 160 mg/L
gross alpha 80 pCi/L 15 pCi/L
combined radium 14.4 pCi/L 5 pCi/L
; i nki w £ s lard
contaminant concentzration Standard
sulfate 2012 mg/L 250 mg/L
TDS 4284 mg/L 500 mg/L
iron 245 mg/L .3 mg/L
manganese .25 mg/L .05 mg/L

A Warning Notice was issued to W.R. Grace on March 3, 1988 for
violations of groundwater quality standards. Subsequently,
contaminants were discovered in nearby potable wells as follows:

arsenic . .075 mg/L .05 mg/L
lead .181 mg/L .05 mg/L
sodium 176.7 mg/L 160 mg/L
gross alpha §9 pCi/L _ 15 pCi/L
combined radium lE.8 pCi/L 5 pCi/L
Secondary Drinking Water Standards
contaminant - Concentration Standazd
sulfate 606 mg/L 250 mg/L
TDS 831 mg/L 500 mg/L
iron 29.6 mg/L .3 mg/L

The potable wells have =
and a proposed Ccnsent C
December, 128E8.

ecently been replaced with city water,
céer is to be issued =2 W.R. Crece Y

-
-
b
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The facility includes a sulfuric acid plant, a phosphoric acic
plant, 3 diammonium phosphate plant and a gypsum stacks/cooling
pond complex on apprcximately l000 acres near Bartow in Polk
courty. Operations began &t the faclility in 1946 2nd ceases ir
1G681.

A groundwater monitoring plan wac submitted to the Departmernt:
in September, 19E3 and was approved sometime thereafter. A
permit £or groundwater monitoring was issued to USS
Agrichemicali cn September 11, 1985 and was subsequently
withdrawn on Octcber 23, 1SE5. A second permit for groundwater
monitoring was issued on June 19, 1986.

Groundwater quality proklems have been reported in the
surficial aguifer as follows:

Trimary Deiwling Water St=nfards

faminang Concertzration Standard
sodium 245 mg/L 160 mg/L

- m' ..h can [ R Shandarc
sulfate 1332 mg/L 250 mg/L
TDS _ 3131 mg/L S00 mg/L
manganese .59 mg/L .05 mg/L

k4 = o=

The facility includes sulfuric acid plants, phosphoric acigd
plants, triple superphosphate plants and a gypsum stack/coolin
rond complex on approximately 1000 acres near Fort Meade in
Polk County. Operations at the facility began in 1961.

A groundwater monitoring plan was submitted to the Departmen:
in September, 1583 and was approved sometime therezfter. 2
permit for groundwater monitoring was issued to USS
Agrichemical on September 9, 1985 and was subsequently
withdrawn on October 23, 1985. A second permit f£fcr groundwater
monitoring was issued on July 14, l1986.

Groundwater quality problems have been reported in %the
surficial aquifer at the site as follows:




refgﬂn

The facility began operation in 1948 and ceased operation in
1668. Little information is available in Department files as
to the nature of the facility operation.

A groundwater monitoring plan was submitted to the Department
in September, 1983 and was approved in August, 1984. A permit
for groundwater monitoring was issued to Estech on September
11, 1985 and was subsequently withdrawn on October 23, 1985. A
second permit for groundwater monitoring was issued on May 19,

1986.

Groundwater guality problems have been reported in the
Intermediate aquifer at the site as follows:

D4 j 3 W r
Coptaminant concentration Standard
gross alpha 26.2 pCi/L 15 pCi/L
combined radium 13.6 pCi/L S pCi/L

Groundwater quality problems have been reported in the
surficial aquifer at the site as follows:

cimary Drinki Wat X 3 3

contaminant concentration Standard
sodium 441 mg/L 160 mg/L
gross alpha 54.1 pCi/L 15 pCis/L
combined radium 14.3 pCi/L - 5 pCi/L
Secondary Drinking Water Standards
sulfate 1860 mg/L 250 mg/L
TDS 3300 mg/L 500 mg/L
iron 18 mg/L .3 mg/L
manganese 1.1 mg/L .05 mg/L
T P

The facility was in operation during the late 1550s and early
1960s, and little information is available as to the nature of

past operations.

A groundwater monitoring plan was submitted to the Department
in March, 1985 and was approved in May, 1985. A permit £or
groundwater monitoring was issueéd o IMC on September 11, 19ES,
and was subsecuently withirawn ca October 23, 198S. A second
permit for groundwater monitoring was issued on Mazch 11, 1986.

~10-



Groundwater quality prcblems have been reported :in the
surficial aquifer at the site as follows:

vy 3 5 w - Q -
Soptaminant ncenszati Standard
sulfate : 1431 mg/L 250 mg/L
TDS 2175 mg/L 500 mg/L
iron : ' 125.4 mg/L .3 mg/L
manganese .78 mg/L .05 mg/L

The facility includes sulfuric acid plants, phosphoric acid
plants and a gypsum stack/cooling pond complex on apprcrimately
1000 acres near Mulberrcy in Polk County. No recordés are
available as to when operations began at the facility.

groundwater monitoring plan was submitted to the Department
n December, 1983 and was approved in January, 1984. A permit
or groundwater monitoring was issued to Royster cn September
=1, 1985 and was subsequently withdrawn on October 23, 1985. A
second permit for groundwater monitoring was issued on July 9,
1986. An application for a construction permit to expand the
gypsum stack/cooling pond complex was submitted to the
Department in April, 1987, and a construction permit for the
expansion was issued to Royster in March, 1988.

N Y WD J.

Groundwater quality problems have been reported in the
surfiqial aquifer at the site as follows:

SgnQndéTx “;jngipc wa:gr standa:ds
contaminant Concentration ke b
iron 5.9 mg/L .3 mg/L
pH 5.8 SU >6.5 SU

No problems have been reported for the Intermediate acuifer
monitor wells, howaver the well zomzletion reports indicate
that the Intermeciate aguifer monitor wells are in £act
completed in the Florida aguifer. Thus no monitor wells have
teen installed so as to monitor groundwater gquality in the

Intermediate aquifer.



Groundwater quality problems have been reported in the
surficial aguifer at the site as follows:

B c s W .
: E:am;nan: e 9 SIEDCEPQ
sodium - 258.9 mg/L 160 mg/L
gross &alpha 30.3 pCi/L 15 pCi/L

seggndar:: Dv-a' nyw'—:n b]a:gr Cﬁanﬂawds
sulfate : 1424 mg/L 250 mg/L
TDS 4292 mg/L 500 mg/L
iron 45.6 mg/L .3 mg/L
manganese 1.36 mg/L .05 mg/L

Enforcement action has not been initiated against American
Cyanamid.

™ w W

The facility includes sulfuric acid plants, phosphoric acid
plants granulated triple superphosphate plants and a gypsum
stack/cooling pond complex on approximately 1600 acres near
Nichols in Polk County. Operations began at the facility in

1875.

A groundwater monitoring plan was submitted to the Department
in September, 1983 and was approved in February, 1984. A
permit for groundwater monitoring was issued to IMC on
September 9, 1985 and was subsequently withdrawn on October 23,
1985. A second permit for groundwater monitoring was issued on
March 19, 1986. An application for an expanded gypsum
stack/cooling pond complex was submitted by IMC on August 31,

1988. .

No groundwater problems have been reported in the surficial
aquifer at the facility property boundary. The following
groundwater problems have been reported for the Intermediate
aquifer, however the appropriateness of the monitor well
construction is in question:

Prs W
Contaminant concentration Standard
sodium - 1030 mg/L 160 mg/L
cress aiphea 20 =2Ci/L 15 pCi/L
combined zadium L8.2 gCi/L & pCi/l
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REFERENCE 7

A September 16, 1987

Mr. Sam Sahsbzamamni, P.B,

Industrial Waste Programs
Department of Environmental Regulations

4520 Oak Pair Boulevard
Tampa, Plorida 33610-7347

Dear Mr. Sahebsamani:

In accordance with the terms of Permit 2041-129068A, we are trar
herewith the thirdaquarterly report for 1987 of the groundwater
walls at Piney Point. All the wells exceed the MCL for severa
secondary parameters. With exception of well no. 6, the MC:

Primary parameters—wecegangrally not sxceeded..

X;”point-d out in the letter transmitting the report in Jur
is an appareant contamination problem with well MW-6, several |
have high values. To rspeat ~ this well is 65 feet deep, ca
feat. The ocasing--may have a break causing contamination.
is located very close to a deep seepage ditch which could have
on the results experienced. We again propose that MW-6 be
plugged and that another location be sslected to monitor the in-

aquifer. .

_As mentioned previously, we are anxious to pursue a solutior

ur concurrence to select a different site for a new MW-6

loo rd to your reply. A4_‘—_________,__——________.

Yours very truly,

Il <

John G. Cladakis

Senior Vice President a
Operations Manager

Piney Point Complex

cc: Mr. W. L. Priesmeyer
Mr. B. V. Galloway ~
Mr. B. Barrison

PO. Box 790 < Plant City, Florida 34289-0790 ¢ Phone (813) 7!



PARANCTER MONITOGRING RCPORT
(.“1. 17-’-‘02. 17.’-‘0‘ - 1701-‘05)

ns ¢ Youl 1 3768 Semple Date 17297
denitering Vell !/ A Well Types [ ) Backg
: ) [ ] Site
‘edl _Nase _ M4 - - e cmee : — ey — ( T lats:
( ] Compl
lassificstion of Enund-.tn —1 (x) sSur:
0ll Developed® Prior to Water Level from
saple Callection (Yes/Na) YES Top of Pipe
PRIMARY STANDARDS
TORET | Pacsameter | Sempling Analysis Anslysis Sample J
<ode Monditored Method Method Result Units flltotod/Unf&ltorol
Arsenic (1) (2) < .01 ma/1 unfiltered
Cadmium (1) (2) .00 ma/l unfiltereA
Chromium (1) (2) .02 mg/l unfiltared
Lead (1) (2) .02 ma/l unfiltereA
- Nitrate (A#ﬂ) (1) (2) ' ma/l unfiltered
SoAium (1) (2) 35.0 mg/1 unfilterad
Pluoride (1) (2) 1.3 mq/1 unfiltered
Gross AlphJ (1) (2) [ <2.0 oCi/l unfiltared
2. 13 (1) (2) N.R. Jpcisn | unfiltered
w228 Y (2) N.R. pci/l unfiltared
8¢eong5£i—i:;ndards :
Chloride (1) (2) 57.0 ma/1 unfilrared
Color (1 (2) +105.0 clept unfiltered
Coover (1) (2) .01 ma/l unfiltared
Iron (1) (2) .60 |pan unfiltered
Mancanesa (1) (2) .06 | mgn unfiltered
pH-. (1) (2) 6.1 . unfiltarad
Sulfate (1) (2) 162.0 ma/l unfiltared
DR (1) (2) 726.0 ma/l unfiltered
nthe (1) (2) R PP unfiltared
Corrasivity (1) ©(2) +1.3 kananlio# unfiltered
] Peaminqnqaftu 1) I (2) - MRAS unfilterad
Odor (1) (2) N.O. unfiltered

1l development s the process of pumping the well prier to esapling in order ¢
tesentative ground watar saepls.

ors 17.1,214(2)
ective Januasry |, 1903 Pege 2 of 3



State of Florida
DEPARTMENT OF ENVIRONMENTAL

Interoffice Memq

REFERENCE 8

g

For EOV,UTHMTMA

Southwest District e

THROUGH: Richard Garrity Hhshta  om s

Southwest District colt ‘&

iw

Richard Harvey W
Division of Water ¥a ties

_ N
FROM: Al Bishop v
Point Source Evaluation Section 0CTO5 1058
DATE:  September 28, 1988 BOUTH wrzer g
~ V. "o ¢y , !

SUBJECT: WQBEL for Royster Phosphate Piney Point Fazmipﬁ(formerly ™
(Manatee County)

We were recently contacted by Mr. Ivan Nance of Royster Phosphates, Inc
informed us that Royster had purchased the Consolidated Minerals, Inc.

Piney Point facility. He said that he wanted to reinitiate the WQBEL L
analysis for the Piney Point discharge because Royster would like to be
permitted to discharge from outfall 003 at "normal™ high flow condition
had earlier terminated WQBEL development for the Piney Point discharge

request of CMI who had agreed to a modification of their permit (I1041-1
to only allow discharge following back to back 25 year storm events. I
of the Level II analysis, we had recammended that the operating permit

amended to require CMI to provide rainfall data from the Ruskin weather
each time they reported a discharge from 003.

In 1ight of Mr. Nance's request to reinitiate WQBEL development, we now
recommend that the permit remain in effect without modification., As st
in the permit, Royster is now proceeding with the WQBEL development pro
should be "allowed to discharge at the 1imits specified in the permit.

We have already been in contact with Royster's consultant, Conservation
Consultants, Inc. (CCI), and have discussed at length both the data and
modeling requirements for the WQBEL study. Daryll Joyner of my staff m
site visit on September 7, 1988 to survey the receiving waters and to h
with plan of study development. CCI 1s currently writing a draft plan
for our review. We will provide you with a copy of the draft plan when
avajlable and will keep you apprised of all progress on the project.

If you have any questions or comments regarding the Level Il analysis,
call me or Daryll Joyner at Suncom 278-0780.

AB/DJ/cc
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REFERENCE 10

Rayster Phosphates, Inc.

P. 0. Box 1329
Palmetto, Florida 34220

PINEY POINT PHOSPHORIC COMPLEX
MANATEE COUNTY, FLORIDA



DHOSPHORIC PRODUCT COMPLEX PROPOSED
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Royster Phosphates, Inc.
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Royster Phosphates, Inc.

P. O. Box 1329
Palmetto, Fiorida 34220

PHOSPHORIC PRODUCTS COMPLEX
PINEY POINT, FLORIDA

THE BASIC RAW MATERIALS FOR THE MANUFACTURE OF SULFURIC
ACID ARE SULFUR, AIR AND WATER, AT THIS PLANT WE BRING IN
MOLTEN SULFUR BY TRUCK WHICH HAS BEEN SHIPPED BY TANKER TO
TAMPA EROM LOUISIANA OR TEXAS, THE SULFUR 1S BURNED IN A
CONTROLLED AMOUNT OF AIR, THEN IT IS CAUSED TO REACT AD-
DITIONALLY WITH OXYGEN IN THE AIR BY THE USE OF A CATALYST.
THE PRODUCT FROM THIS LATTER REACTION IS ABSORBED IN SULFURIC
ACID AND WATER TO PROVIDE THE CORRECT STRENGTH OF SULFURIC
ACID, ALTHOUGH THE PROCESS IS CHEMICALLY SIMPLE, STRICT
CONTROLS ARE NECESSARY IN ORDER TO HAVE AN ECONOMICALLY SOUND
PROCESS THAT PREVENTS THE LOSS OF SULFUR COMPOUNDS TO THE
ATMOSPHERE, BASICALLY, THE CONTROLS ARE ACID TEMPERATURE AND
STRENGTH, TEMPERATURE 1S CONTROLLED PRIMARILY DY THE OPERATION
OF BOILERS AND COOLING COILS. THE ACID STRENGTH IS CONTROLLED
BY ANALYSIS AND VARIOUS CONTROL INSTRUMENTS IN THE PLANT, THAT
INDICATE WHEN WATER ADDITION 1S NECESSARY,



SULFURIC ACID

PAGE TWO

THIS SULFURIC ACID PLANT WAS, AT ONE TIME, THE LARGEST
SINGLE UNIT PLANT IN THE WORLD AND IS STILL ONE OF THE LARGEST,
THE SIZE IS ILLUSTRATED BY THE LARGE SIZES OF PARTICULAR PIECES
OF EQUIPMENT IN THE PLANT, THE STEAM TURBINE DRIVEN AIR BLOWER
of 3560 HORSEPOWER AND THE MASSIVE 4-PASS CONVERTER ARE PRIME
EXAMPLES,

THE THREE CYLINDRICAL TOWERS OVER THE CONTROL ROOMS ARE,
THE DRYING TOWER AND NO, 1 AND 2 ABSORBING TOWERS. THE AIR
ENTERING THE PLANT IS CLEANED AND DRIED IN THE DRYING TOWER,
THE TWO TALLER TOWERS ARE THE ABSORBING TOWERS, MECHANICALLY
IDENTICAL TO THE DRYING TOWER, THEIR GREATER HEIGHT IS USED
TO ACCOMMODATE HIGH EFFICIENCY BRINK MIST ELIMINATORS WHICH
SAFEGUARD THE ENVIRONMENT BY EFFECTIVELY ELIMINATING THE
POSSIBILITY OF ESCAPING ACID MIST OR OXIDES OF SULFUR.



Royster PHOSPHORIC ACID PLANT (Pgos\ WET PROCESS
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PHOSPHORIC ACIN

THE BASIC RAW MATERIALS FOR THE PRODUCTION OF PHOSPHORIC
ACID ARE PHOSPHATE ROCK, SULFURIC ACID AND WATER., HWE OBTAIN

PHOSPHATE ROCK FROM FLORIDA MINES AND THE SULFURIC ACID FROM

OUR OWN PLANT,

THE WET PHOSPHATE ROCK IS FED WITH ADDITIONAL WATER
TO ONE OF TWO BALL MILLS AND GROUND INTO A SLURRY RESEM-
BLING SOFT ICE CREAM, THE ROCK SLURRY 15 THEN PUMPED
FROM THE MILL DISCHARGE TANK TO THE COMPARTMENTED PHOS-
PHORIC ACID REACTION TANK,

THE LIQUID SLURRY RESULTING FROM THE REACTION OF
PHOSPHATE ROCK AND SULFURIC ACID IS FILTERED ON AN ELABORATE,
CONTINYOUS FILTER AND PHOSPHORIC ACID 1S REMOVED FROM THE
FILTER AS PRODUCT., THE SOLIDS REMOVED BY THE FILTER ARE
ESSENTIALLY GYPSUM (CALCIUM SULFATE DIHYDRATE) AND THIS
MATERIAL IS TRANSPORTED AS A WATER SLURRY FROM THE FILTER
TO A GYPSUM SETTLING POND, THE ACID PRODUCT FROM THE FILTER
CONTAINS, APPROXIMATELY 30% P205. (PHOSPHORIC ACID STRENGTH
IN THE FERTILIZER INDUSTRY IS UNIVERSALLY AMNALYZED AND RE-

PORTED AS PERCENT P205, FROM A STRICT CHEMICAL POINT OF
VIEW, THE 30% P205 PRODUCT 1S ACTUALLY ABOUT 417 STRENGTH

AS ORTHO PHOSPHORIC AciD, H3POy,)



PHOSPHORIC ACID

PAGE TwO

THE 30% ACID IS CONCENTRATED To ABouT 54% P205 1N
THREE (3) VACUUM EVAPORATORS TO MAKE A PRODUCT MORE SUITABLE
FOR SHIPMENT. THE S4% ACID IS ALLOWED TO AGE AND SETTLE
BEFORE SHIPMENT, THE AGING AND SETTLING WHICH REDUCE
IMPURITIES IN THE ACID, IS CARRIED OUT IN THE LARGE TANKS
JUST NORTH OF THE PHOSPHORIC ACID PLANT,

EXHAUST AIR FROM THE PHOSPHORIC ACID PROCESS 1S WASHED
WITH RECYCLED WATER TO SCRUB OUT HARMFUL GASES BEFORE DIS-
CHARGE FROM THE STACK,



Royster (py pPRODUCTS — DIAMMONIUM PHOSPHATE OR TRIPLE SUPER PHOSPHATE
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EERTILIZER PLANT

WE MANUFACTURE DIAMMONIUM PHOSPHATE (DAP 18-46-0) In
OUR FERTILIZER PLANT., WE ALSO HAVE THE ABILITY TO PRODUCE
GRANULAR TRIPLE SUPER PHOSPHATE (GTSP  0-46-0). BASICALLY
THE SAME EQUIPMENT IS USED IN PRODUCING EITHER PRODUCT.
ONLY THE RAW MATERIALS USED,. OR THEIR PROPORTIONS, ARE
CHANGED,

To PRODUCE 18-46-0, PHOSPHORIC ACID, FROM OUR PLANT,
AND ANHYDROUS AMMONIA, WHICH IS BROUGHT IN BY RAILROAD, ARE
THE BASIC INGREDIENTS. |IF WE WERE PRODUCING 0-U46-0 we use
PHOSPHORIC ACID FROM OUR PLANT AND BRING IN GROUND 75 BPL
(75% BONE PHOSPHATE OF LIME) PHOSPHATE ROCK FROM FLORIDA

MINES,
IN BOTH PROCESSES THE RAW MATERIALS ARE ADDED TOGETHER

IN A TANK WHERE THE CHEMICAL REACTIONS ARE COMPLETED AND THE
RESULTING LIQUID SLURRY IS PUMPED TO THE SOLIDS MATERIALS
HANDLING SYSTEM, IN THE SOLIDS SYSTEM THE REACTION PRODUCTS
ARE DISTRIBUTED UPON A BED OF RETURNING SOLID MATERIAL., BY
CONTROLLING THE PROPORTIONS OF REACTION PRODUCTS AND SOLID
MATERIALS WE OBTAIN CONTROL OVER THE SIZE AND AFPEARANCE OF
THE FINISHED PRODUCT, AFTER THE PRODUCT HAS BEEN FORMED INTO
THE DESIRED SIZE OF GRANULES !T IS DRIED, SCREENED AND CONVEYED
TO THE PRODUCT STORAGE,

THIS PARTICULAR PLANT IS RATHER ADVANCED IN THAT THE
MATERIALS HANDLING EQUIPMENT 1S OF SUCH SIZE AND DESIGN THAT

CONTROL OF THE PROCESSES 1S CONVENIENTLY ACCOMPLISHED, 1IN
PARTICULAR, THE DRYER IS 11’ IN D1amMeTeR AND 90° LONG, WHICH



PAGE TwO

MAKES IT ONE OF THE.LARGEST IN THE INDUSTRY, ALSO, OUR
SCREENING CAPACITY FOR SIZE CONTROL 1S VERY LARGE WITH
RESPECT TO THE NORMAL AMOUNT OF MATERIAL PUT OVER IT., THE
ABILITY TO ACCOMPLISH SUPERIOR DRYING AND SCREENING ALLOWS
US TO MAKE A PRODUCT OF EXCELLENT HANDLING AND SHIPPING
QUALITY,

MATER]AL RECOVERY PLAYS A SIGNIFICANT PART IN THE
EFFICIENCY OF ANY FERTILIZER PLANT. BY INSTALLING A VERY
ADVANCED SCRUBBER SYSTEM WE ARE ABLg TO KEEP OUR MATERIAL
LOSS AT A MINIMUM, WE HAVE TOTAL OF SIX SEPARATE SCRUBBERS
TO INSURE AGAINST THE LOSS OF THE DRY PRODUCT AS DUST, AND
GASEOUS EMISSIONS WHICH MIGHT CAUSE POLLUTION, 'THE RATHER
ELARORATE MASS OF DUCTING AND EQUIPMENT ON THE WESTERN SIDE
OF THE PLANT MAKE UP THE MAJOR PART OF THE SCRUBBING SYSTEM,
THE SIZES AND SHAPES OF THE DUCT.HORK ARE ENGINEERED FOR
MAXIMUM PERFORMANCE AND THIS SOMEWHAT COMPROMISES THEIR
APPEARANCE,

THE PRODUCTS FROM OUR FERTILIZER PLANT MAY, AT TIMES,
BE USED AS FINISHED PRODUCTS, BUT THEIR MAIN USE IS AS
INTERMEDIATE PRODUCTS FOR USE IN THE PRODUCTION OF OTHER
. GRADES OF FERTILIZER, MOST OF THE MATERIAL IS EXPORTED, BUT
IT COULD BE SHIPPED TO FSRTILIZER PLANTS IN THE UNITED

STATES,
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IN THE PRODUCTION OF PHOSPHORIC ACID AND PHOSPHATE
FERTILIZER, GASSES AND PARTICULATES (DUST OR LIQUID DROPLETS)
ARE EMITTED TO THE ATMOSHPERE, THESE EMITANTS ARE CAPTURED
IN WATER STREAMS WITHIN SO-CALLED SCRUBBERS, THIS WATER IS
RECIRCULATED AND REUSED IN THE VARIOUS PRODUCTION PROCESSES.

PART OF THE PRODUCTION CYCLE 1S THE REMOVAL OF GYPSUM
FROM PHOSPHORIC ACID BY FILTRATION, THE GYPSUM COMES OFF
THE FILTER AS A SOLID AND IN OUR SYSTEM IS SLURRIED WITH
WATER TO BE REMOVED FROM THE PLANT TO A GYPSUM STACKING
AREA, HERE THE WATER IS ALLOWED TO SEPARATE FROM THE GYPSUM
AND FORMS THE RECIRCULATION WATER FOR REUSE IN THE PRODUCTION
OF PHOSPHATE PRODUCTS, ONCE WATER HAS COME INTO CONTACT WITH
EITHER THE GASEOUS EMISSIONS, DUST, OR GYPSUM IT IS THEN
CONTAMINATED AND CANNOT BE RELEASED FROM THE PLANT SITE,
THEREFORE IT IS NECESSARY TO HAVE LARGE HOLDING PONDS THAT
CAN CONTAIN SEVERAL MILLION GALLONS OF WATER,

DURING MOST YEARS ALL WATER REQUIREMENTS FOR THE PHOS-
PHORIC ACID COMPLEX CAN BE SATISFIED BY THE RAINFALL/EVAP-
ORATION BALANCE ON THE POND SYSTEM, HOWEVER, DURING SOME
RAINY PERIODS THE WATER LEVELS IN THE PONDS MAY ENXCEED THE
VOLUMES ESTABLISHED FOR WATER CONTAINMENT, THIS CRITICAL
LEVEL IS DETERMINED BY THE AMOUNT OF STORAGE NEEDED TO CON-

@

TAIN HIGH RAINFALL EVE'TS (up To 10 INCHES IN 24 HOURS),
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PAGE TWO

IN ORDER TO MAINTAIN THE WATER LEVEL BELOW THIS POINT,
WATER TREATMENT FACILITIES MUST BE AVAILABLE. TREATMENT
MUST TAKE WATER THAT HAS A PH OF BELOW = 3,0 AND CONTAINS
LARGE AMOUNTS OF FLUORIDE AND PHOSPHORUS, AND NEUTRALIZE
1T To A PH oF 6,0 - 9,0, AND REDUCE THE FLUORIDE AND PHOS-
PHORUS LEVELS TO JUST A FEW PARTS PER MILLION, THE EQUIP-
MENT NECESSARY TO DO THIS IS CALLED A "DOUBLE LIMING”
FACILITY AND INVOLVES A TWO STAGE TREATMENT OF THE WATER.
THE LIME COMES INTO THE PLANT AS PEBBLE, IT IS THEN PRE-
REACTED WITH WATER (THIS IS CALLED SLAKING) AND SLURRIED
WITH MORE WATER TO MAKE IT SUITABLE FOR WATER NEUTRALIZATION,

IN THE FIRST STAGE, LIME SLURRY AND CONTAMINATED
WATER ARE MIXED TO REMOVE THE FLUORIDE, THE SOLID MATERIAL
FORMED SETTLES FROM THE MIXTURE,- THE WATER FROM THIS
STAGE THEN IS REACTED WITH MORE LIME SLURRY, IN A DIFFERENT
VESSEL, FORMING MORE SOLIDS TO REMOVE THE PHOSPHORUS, IN
EACH STAGE SOLIDS ARE FORMED AND MUST BE MECHANICALLY RE-
MOVED TO PREVENT THEM FROM RECONTAMINATING THE WATER, THE
SOLIDS ARE DISPOSED WITH THE GYPSUM INTO THE STACKING AREA,
THE TREATED WATER 1S THEN SENT TO A HOLDING POND FOR FINAL
CLARIFICATION BY SETTLING, IT IS PURE ENOUGH TO BE RELEASED
TO THE RECEIVING BODY OF WATER, IN OUR CASE, A SALT WATER
ESTUARY, EACH STAGE OF THE LIMING PROCESS 1S MONITORED

FOR PH WITH THE FINAL WATER BEING MONITORED THREE TIMES
FOR PH AND CONTAMINATES BEFORE IT 1S RELEASED,



o < CEERE .
. «. .

PB90-258492
REFERENCE 11

REPORT TO CONGRESS ON SPECIAL WASTES FROM
MINERAL PROCESSING - SUMMARY AND FINDINGS
METHODS AND ANALYSES APPENDICES

(U.S.) Environmental Protection Agency
Washingten, DC

Jul 90

-——

U.S. DEPARTMENT OF COMMERCE
National Technical Information Service

NTIS.



PB90-258492

Uniteg States Solid Waste and
Environmental Protection Emergency Response EPA/S30-SW-90-070C

. Agency (0S-308) July 1980

< EPA

Report to Congress on
Special Wastes from
Mineral Processing
Summary and Findings

Methods and Analyses
Appendices

U.S. DEPARTMENT OF COMMERCE

NA TECHNICAL INFORMATION SERVICE
SPRINGFIELD, VA. 22181



Chapter 12
Phosphoric Acid Production

The phosphoric acid production industry consists of 21 facilities that were active as of September
1989,! empioyed the wet phosphoric acid production process, and generated two special wastes from mineral
processing: process wastewater and phosphogypsum. The daw included in this chapter are discussed in
additional detail in a technical background document in the supporting public docket for this report.

12.1 Industry Overview

There are two processes for producing phosphoric acid: (1) the wet process, which is 3 mineral
processing operation and is siudied here, and (2) the furnace process. Furnace process phosphoric acid
production uses elemeatal phosphorus rather than beneficiated phosphate rock as a feedstock and, therefore,
wastes generated by the process are not mineral processing special wastes according to the Agency’s definition
of mineral processing. Consequeauly, furnace process production of phosphoric acid is not within the scope
of this report.

About 95 perceat of the commercial phosphoric acid produced by the wet process is used in me
producuon of fertilizers and animal feed, with a small portion used as a feedstock in chemical processing
operations.? Typically, the fertilizer and feed plants are co-located with the phosphoric acid facilities.

As shown in Exhibit 12-1, the majority of the 21 active wet process facilities are located in the
southeast, with 12 in Florida, three in Louisiana, and one in North Carolina. Production data and dates of
initial operation and modernization were provided by all 21 facilities, although two claimed confidential status
for their information. Thbe dates of initial operation for the 19 non-confidential facilities ranges from 1945
10 19863 Most of these facilities have undergone modernization within the last ten years, although six
facilities have not been upgraded in over 20 years. The 19 reporting non-confidential facilities have a
combined annual production capacity of over 11 million metric tons and a 1988 aggregate production of nearty
8.5 million metric tons; the 1988 capacity utilization rate, therefore, was approximately 77 percent. Several
facilities, however, operated at low utilization rates (i.e. three facilities reported rates of 15.8, 30.1 and 375
perceat).

The fertilizer industry, the largest user of phospboric acid, suffered poor financial conditions for much
of the 1980s. These conditions were the result of low domestic demand and reduced foreign buying. Comestic
demand for phosphoric acid was boosted by the 1988 recovery of the farm economy and was expected 10
+ continue t0 grow as crop prices and planted acreage increased in 1989. Noa-fertilizer uses of phospboric acid
declined during the 196805 due to strict regulations governing the usc of phosphates in household products and
a decline in industrial demand ¢

The wet process consists of three operations: digestion, filtration, and conceatration, as shown in
Exhidit 12-23 Beneficiated phosphate rock is dissoived in phosphoric acld; sulfuric acid is added to this
solution and chemically digests the calcium phosphate. The product of this operation is a slurry that consists

! Az least two facilities wers on staadby ia 1988, Agrico’s FL Madison, jous sad Hakoville (Teft), Louisians facilities: they are sot
included is Ui saalysis.

? Buress of Miam, 1987. Miperah Yoardook, 1967 E4. p. 676,

3 Phospharic acd produecers, 1989. Compasy Resposses 1o the “National Survey of Solid Wass from Misera! Procaming Facilities,”
US.EPA, 1999,

¢ Standard & Poor's, “Chemicels: Basic Aasiyeis.” [pdugtry Serveys, Ociober 13, 1988 (Section 3), p. C20.

$ Egvirommesntal Prosection Agency, 1986, Evgiygtio ; pasigg. Prepared by PE! Amocisies
laU&BAOMdR—ammgomuo&mxﬂ ‘

-
]
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Exhiblt 12-2
Phosphoric Acid Production
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12.2 Waste Characteristics, Generation, and Current Management Practices

1221 Phosphogypsum

Phosphogypsum, which has an sverage particle diameter of less than 0.02 millimeters, is primarily
composed of calclum sulfate, silicon, phosphate, and fluoride. It also typically contains a variety of
radionuclides, including granjom-230, uranium-234, thorium-230, radium-226, radon-222, lead-210 and
polonium-210.

Using available dats on the composition of phosphogypsum, EPA evaluated whether leachate from
this material exhibits any of the four characteristics of hazardous wasie: cotrosivity, reactivity, ignitability, and
extraction procedure (EP) toxicity. Based on available information and professional judgment, the Agency
does not believe phosphogypsum is reactive, corrosive, Of ignitable. Some phosphogypsum samples, however,
exhibit the characieristic of EP toxicity. EP leach test conceatrations of all eight inorganic constituents with
EP wxicity regulatory levels are svailsble for 28 phosphogypsum samples from 11 facilities of interest. Of
these constituents, only chromium cooaceatrations exceed the EP toxicity levels; this occurred in 2 of 28
samples analyzed, by as much as a factor of 9. Both samples that failed the EP taxicity criterion for chromium
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of 2.7) in only 3 samples (2 of which were from the Pocatello facility and 1 from the Pascagoula facility).
SPLP leach test results for phosphoric acid process wastewater samples were well below the EP toxicity
regulatory levels for all constitueats.

Non<onfidential waste generation rate data were fully reporied for process water by 12 of the 21
processing facilities and estimated for the remaining nine. The aggregate annual industry-wide generation of
process water was approximately 1.77 billion metric tons (468 billion gallons) in 1988, yielding a facility
average of 84 million metric wons per year (60 million gallons per day [mgd]). Repored facility annual
generation rates ranged from 13 to 280 million metric tons of process wastewater (9.3 to 200 mgd). The ratio
of process water managed to phosphoric acid produced ranges from 102 to 494.

The process wastewater from the stacks, along with non-wransport process waters, are typically
managed in on-site impoundments, commonly known as cooling ponds. These impoundments are used in
conjunction with the gypsum stacks in an integrated sysiem. Water from these ponds is reused in on-site
mineral processing and other activities. The facility operators ideally seek 10 maintain a water balance such
that no treatment and discharge of process wastewater 10 surface water is necessary, although some facilities
are equipped to treat and discharge some wastewater during periods of high precipitation.

The average dimensions of the cooling ponds are nearly 60 hectares (145 acres) of surface area and
2.6 meters (8.5 feet) of depth; on a facility-specific basis the surface area ranges from 1 10 260 hectares (2.5
10 640 acres) and depth ranges from 03 10 6.7 meters (1 w 21 feet).

12.3 Potential and Documented Danger to Human Health and The Environment

This section addresses two of the study factors required by §8002(p) of RCRA: (1) potential danger
(i.c.. risk) to buman health and the eavironment; and (2) documented cases in which danger to human heaith
or the environment has been proven. The Agency’s evaluation of the potentigl dangers posed by
phosphogypsum and phosphoric acid process wastewater uses the evidence preseated in gumerous documented
gases of danger to human health and the environment to establish that these wastes can threaten human health
and the environment as they are curreatly managed. Overall conciusions about the hazards associsted with
phosphogypsum and phosphoric acid process wasiewaler are provided after these two study factors are
discussed. .

12.3.1 Risks Associasted With Phosphogypsum and
Phosphoric Acid Process Wastewater

Any potential danger to human health and the eaviroameat from phosphogypsum and phosphoric
acid process wastewster depeads on the presence of woxic and radioactive constituents in the wastes that may
present a bazard and the poteatial for exposure to these constituents. The Agency has documented cases of
dangers posed by these wastes via ground and surface water pathways (see Section 12.3.2), and has previously
evaluated poteatial air pathway dangers from the management of phosphogypsum in stacks. Based on the
insights provided by analyses of the bazards posed by pbospbogypsum and phosphoric acid wastewater, and
information oo waste characteristics and management developed for this study, the Agency evaluated the
intrinsic hazard of these wastes and the poteatial for toxic and radicective coastitueats from these wastes 10
pose threats 10 human health and the cavironmeat. This evaluation discesses constituents of potential concern
in the wastes and assesses the management practice and esvironmental setting charscteristics that affect the
potential for these wastes to pose risks through the ground-water, surface wates, and air pathways.

Phosphogypsum Constituents of Potential Concern

EPA identified chemical constituents in phosphogypsum that may present 3 bazard by collecting data
on the composition of this waste and evaluating the intrinsic bazard of the chemical cossttuents.
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Exhiblit 12-3
Potential Constituents of Concern in Phosphogypsum Solids'®
M __
tio. of Times _ No. of Faclilties
. Consttuent No. of Anslyses Exoseding Criteria/
Potertial Detecied/No. ot . Exceeding Criteria/ No. of Peciltties
Constiuents Anatysss Human Mealtr No. of Analyees for Analyzed for
of Concern _for Constituent Screening Criveria™ Constiuem Constituent
Radium-228 2/ Radiation"® 26/2 67
Uranium-238 18718 Radiston'™ 1/18 173
Chromium 4/4 Inhalation’ 8/a3 48
Arsenic s/ 43 ingestion 34/43 2/8
inhaianon’ %/6 : 1/8
(a) Constityents listad in this table are presert in at least one sampie from &t least one faciilty at & concentration that exceeds

a relevam screenung critanon. The conservative screening critena Ueed in this analysie we listed in Exhidnt 2.
Conetituents that were NGt detectad in & given sampie were assumed not 10 De Present in the sampile.

1] Humaen heelth screening critaria are based on exposure via incidental ingestion end inhalstion. MHuman health eflects
include cancer risk and noncancer health effects. Soreening criteria NOd with an *™* are based on a 1x10°* litetime cancer
nsk; others are based on Noncancer effects.

(e) inciudes direct radiation from conmarmnated lend and inhalstion of radon decay products.

facilities analyzed. .Noae of these constituents, however, exceed the screeaing criteria by more than a factor
of 10.

. Radium-226, and wranium-238 concentrations exceed health-based screening criteria
based on multiple radiation pathways. Exceedance of these criteria indicates that
phosphogypsum could pose an unaccepiable radistion risk if used in an unrestricted
manner (for instance, direct radiation doses and doses from the inhalation of radon
could be unacceptably high if phosphogypsum is used around bomes).

. Chromium and arsenic concentrations exceed the bealth-based screeaning criteria for
inhalation. This indicates that these constitueats could pose a significant cancer risk
(ie. greater than 1x107%) if phospbogypssm were released w0 the ambieat air as
particles.

. Arsenic conceatrations exxeed the heaith-besed screcaing criteria for incidental
ingestion. This indicates that arseaic msy pose 8 significant incremental lifetime health
mk(u.puummo-’)mmnmdmmmwnmmu
with phospbogypsum is inadverteatly ingested oa & routine basis (e.g., airborne waste
particies sy be deposited on crops, or small children pisying on abandoned stacks
could iaadvertently ingest the waste).

EPA sampling and analysis also indicates that levels of gross alpha sod beta radistion from
phosphogypsum are very high (10 to 100 pCl/g) relative t0 levels associated with typical soils (approximately
1 pClg).

Based on s comparison of Jeach test coacentrations of 29 cosstitueats to surface and ground-water
pathways screcaing criteria (see Exhibit 12-4), 17 constituests were found to be of poteatial concern for water-
based release and exposure. Among these 17 comstituents, phosphorus, arsenic, lead, pbosphate, manganese,
molybdenum, and nicke! exceed screening criteria in at least one-half of all facilities analyzed Twelve
constituents exceed the screening criteria by more than a factor of 10, but oaly chromium was measured in
concentrations that exceed the EP toxicity regulatory level. All of these constitueats are very persistent in the
eavironment.
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These exceedances of the screening criteria bave the following implications:

. Concentrations of arsenic. lead. cadmium, chromium. fluoride, zinc. antimony. copper,
and whallium in phosphogypsum leachate exceed screening criteria based on buman
bealth risks. This indicates that, if phosphogypsum leachate were diluted less than 10-
fold during migration to a dnnking water exposure point, long-term chronic ingestion
could cquse adverse health effects due to the presence of these constituents. The
conceatration of arsemc in diluted phospbogypsum leachate could pose a cancer risk of
greater than 1x10% from long-term drinking water expaosures.

’ Concentrations of phosphorus. lead, phosphate, nickel, iron, cadmium. chromium, silver,
- znc. copper. and mercury in phosphogypsum leachate exceed screening criteria for
protection of aquatic life. This means that phosphogypsum leachate could present a
threat to aquatic organisms if it migrates (with less than 100-fold dilution) to surface
waters.

. Lead, manganese, molybdenum, nickel, iron. cadmium, chromium, zinc, and copper
concentrations in phosphogypsum leachate exceed ground and surface water resource
damage screening criteria. This indicates that, if released and diluted by a factor of 10
or less, leachate from this wasie may contain these constituents in concentrations
sufficient to severely restrict the potential future uses of neardy ground and surface
water resources.

These exceedances of the screening criteria. by themselves, do not demonstrate that phosphogypsum
poses a significant risk, but ratber indicate that it may present s hazard. Td determine the potential for
phosphogypsum to cause significant impacts, EPA proceeded 10 analyze the actual conditions that exist at the
facilities that generate and manage the waste (see the following section on release, transport, and exposure
potential).

Process Wastewater Constituents of Potential Concern

Using the same process summarized above for phosphogypsum, EPA identified chemical constituents
in phosphoric acid process wastewater that could conceivably pose a risk by collecting data on the composition
of this waste. and evaluating the intrinsic hazard of the chemical constituents present in the process
wastewater.

Data on Process Wastewster Composition

EPA's characierization of process wastewater and its Jeachate is based oo data from: (1) a 1989
sampling and analysis effort by EPAs Office of Solid Waste (OSW), aad (2) industry responses to 3 RCRA
§3007 request. These data provide information oa the conceatrations of 21 metals, radium-226, uranium-238,
gross aiphs and gross beta radiation, 8 aumber of other inorganic species (Le., chloride, fiuoride, phosphate,
nitrate, sulfate, and ammonis), and seven organic compounds in total and Jeach test analyses. Daua on the
pH of process wastewaier was also collected: at most facilities, the pH is between 1 and 2 standard units,
however, two facilities report miximum levels below 1, aad 1 facility reports levels betweea 6.5 and 8 standard
units. The wasts composition data represeat sampies collected from 17 of the 21 active phosphoric acid
production facilities. As with the comceatration data for pbosphogypsum, data oa the cosceatrations of most
wudmuhmwmmmuﬂmaﬂudw Coacentrations from leach
test analyses of the wastewater vary to 8 smaller exient.

Conceatrations of most (ie, 22 of 40) constitucats in 1ol analyses Of process wasiewater vary
considerably among the samples analyzed (Le., the range of values spans more than three orders of magnitude).
Conceatration data provided by industry represeat a larger number of sampies and span a wider range of
values than do data from EPAs sampling and analysis efforts. Coacentrations of most constituents in leach
test snalyses of process wastewater vary considerably less than do conceatrations in total analyses (ie.. the
ranges of values span rwo or three orders of magnitude for only five constituents). Because the waste
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. Exhibit 12-5
Potentlal Constituents of Concern in Phosphoric Acid Process Wastewater (Total)®
. —_——  —]
No. of Times No. of Pacilities
Constituent : No. of Anelyses Exoeeding Criteria/
Potertial Detected/No. of Exoeeding Criteria/ No. of Fecilities
Congtituents Anslyses No. of Anslyses for Anatyzed for
ot Concemn - for Consthuem Screening Criterie™ Constituent Constituent
Arsenic 778 Human Hashth’ /78 18/15
- . Resourcs Demage 7/ 78 8/18
Aquatic Eoological FANA ] 8/18
Phosphorus NN Agquatic Ecological /N 10/ 10
Phosphate %/% Aqumaic Esological %N/3 /9
Cadmeum nn Human MHealth es/T? 14/18
Resource Demage [ -Fies 14718
Aquasie Eocological 6 /77 14718
Chromium /T8 Haman Healih B/ 8/18
Reseurce Damage es/78 14/18
Aquatic Eoological “/Te 9/18
Aluminum B/% Rssource Damage QU 8/10
Aquatic Eoological /% 10/10
Gress Alpha «®/a Resswrss Damage «©/ 1"m/1n
Gross Bets M/ & Rasource Demege /& /9
Radium-228 n/w Husmen Meslth' x/0 9/13
‘Resswres Dermage 14/09 8/13
Phenol 4/8 Resource Demage 4/8 3/3
ron 64/88 Assowres Darnage 82,58 10/10
' Asqpatie Esciogical $3/88 8/10
Manganess 44 /44 Asssurce Damage /84 10/10
Nioke! s/r.. ] fesowes Damage “wrn [ AT
s7/172 12714
Lead »/73 8/18
s1/78 12718
2I0m 7118
Venadhsn & J1 i ‘8710
C e V/O 9/10
Sulte Qe 10/ 11 |
Ceopper 1R S YA L RS
1/78 ‘1114
. T/14

« Consthusrts listed in this tabils ere presert In o lsant ens sample from &t isast ene facllly ot & sonserwalion hat exceeds
e mlovert soreening erlinrion.  The esnservaiive earvening erfiiria Wsed In this analyeis are Isted In Exhibkt 2.
Constiusrs that were net dotocied in @ ghven campie wWere sssurned ASt 1o be presert In the sampie.

™ mmmmﬁnumwﬂumh‘“ Suman healll' screening criteria
nowd with an *** are Based on 1X10°* Metme eaneer risk; ethers are Based en nencaneer effecs.
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Ground-Water Release, Transport, and Exposure Potentlal

Section 12.3.2 describes documented cases Of ground-water contamination at seven phosphoric acid
plants located in Ceatral Florida (3), Louisiana (2), North Carolina (1), and Idaho (1). These cases indicate
that phosphogypsum and process wastewater constituents have been released to ground water at a number of
facilities and, at some sites, have migrated off-site to potable wells in concentrations that are well above hazard
criteria. Based on the analysis of the damage case evidence, presented below, EPA concludes that management
of phosphogypsum and process wastewater in stacks and ponds can release contaminants 10 the subsurface,
and depending on the hydrogeologic setting and grouad-water use patierns, threaten buman health via drinking
water exposures Or render ground-water resources unsuitable for potential use.

In" the following paragraphs, EPA presents a region-by-region assessment of the hazards posed by
phosphogypsum and process wastewater management. For purposes of this discussion, phosphoric acid plants
are grouped into the following eight regions: Ceatral Florida, North Carolina, Louisiana. Idaho, North
_ Florida, Mississippi, Texas, and Wyoming. For each region for which ground-water damages have been
documented, the Agency first builds the case that damages attributable to waste management have occurred,
then, to the exient necessary, uses environmental serting information to assess the potential hazards (i.e..
health risks and resource damage poteatial) at other facilities in the region. When no damage case
information is available for a region, evideace of release potential is used in conjunction with environmental
setting information to assess the hazards of potential releases from the plants in these regions.

Central Fiorida. The Florida Deparument of Eavironmental Regulation has initiated enforcement
actions in respoase to ground-water contamination associated with the managemeat of phosphogypsum and
process wastewater at all 11 active phospboric acid production facilities in Ceatral Florida. At three of these
facilities (Le., Central Phosphates, Seminole, and IMC) contamination of the useable intermediate or Floridan
aquifers exceeds primary drinking water standards for pH, gross alphs radiation, radium, sodium, toul
dissolved solids, sulfate, cadmium, chromium, fluoride, and arsenic beyond the permitted zone of discharge.’
With the exception of sodium and total dissolved solids, all of these constituents were ideatified as potential
constituents of concern in phosphogypsum or process wastewater. At the other eight facilities. contamination
exceeding drinking water standards beyond the permitted zone of discharge has beea detected only in the
surficial aquifer. Two of the three damage cases for Central Florida pbosphoric acid production plants
presented in Section 12.3.2 (ie, Central Phosphates and Seminole) discuss contamination of off-site ground
water in formations that are used for water supplies. At Central Phosphates, 8 ground-water contamination
plume in the Floridan aquifer extends six acres beyond the facility boundary; contamination of the surficial
aquifer covers 28 acres outside the facility boundary. Twelve of 18 potadle supply wells down-gradient of the
Seminole plant sampled in 1968 contained at least one constituent at a concentration in excess of s drinking
water suandard. The owaer of the phosphoric acid plant peid to have the affected properties connected 10 2
public water supply. These ground-water contamination incidents indicate s high potential for ground-water
releases from the phosphoric acid production plants in Ceatral Florids. Except for the Gardinier facility, all
operating plants in this ares are within 1,000 meters of s public supply well and contamination of the Floridan
aquifer at these sites could pose 8 public health threat via drinking water exposures. As demoastrated by the
damage cases and violations of drinking water standards beyond the permitted zone of discharge, contaminants
from these wasies can reach the useadble aquifer in this area and migrate down-gradieat toward potenual

exposure poiats.

North Carolina. Section 12.3.2 discusses ground-water coatamination resulting from mansgement
of process wastewater at the pbosphoric acid plant in Aorora, North Carolina. The exteat of ground-water
conmaminstion at this site is not known with certainty, but flvoride and total dissolved solids concentrations
in on-site wells exceed state drinking water standards in the surficial aquifer that is not extensively used and

’ The Susts of Florids sliows dischergws (0 ground water wuhin 3 defined “rooe of discharge.” The harizontal entent of the 2one
typecally s limitad 10 1he property boundary.
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this plant could result in exposures at a residence located 180 meters down-gradieat. Ground-water
contamination potential appears high at the Pascagoula plant in Mississippi because ground water occurs at
a depth of only 1.5 meters ia this area. Human populations are not likely to be exposed 10 potential groung-
water contaminants at this facility, however, because currently there are no residences ot public suppiy wells
within 1,600 meters down-gradient from the facility.

Texas and Wyoming. The potential for ground-water pathway risks at the Texas and Wvoming
facilities is relauvely low. Releases from the management units at the plant in Pasadena, Texas are limited
to sore extent because the stack at this facility is lined with recompacted local ciay, and exposures to exsting
populations are unlikely because there is no residence or pubdlic supply well within 1,600 meters dovm-gradien't
from the facility. Similarly, the facility in Rock Springs, Wyoming poses a relatively low risk because its stack
has a synthetic liner and the nearest down-gradient residence is quite distant (greater than 1,600 meters).

Surface Water Release, Transport, and Exposure Potential

The potential for the release of contaminants from phosphogypsum stacks and process wastewater
poads to surface water is also demoanstrated by the damage cases presented in Section 123.2 These cases
indicate that phosphogypsum and process wastewater mansgement at plants in Ceatral Florida. Norh
Carolina, and Louisiana has resulted in the release of waste constituents to surface waters. Based on the
apalysis of the damage case evidence, {t is clear that management of phosphogypsum and process wasiewater
in stacks and ponds can, and does, release contaminants to nearby surface waters. Depending on the distance
1o surface waters, the hydrogeologic setting, and surface water use patterns, EPA concludes that there is a
poteatial for these released contaminants to migrate off-site and threaten human bealth via drinking water
exposures, threaten aquatic life, or render surface water resources uasuitable for poteatial consumptive uses.

In the following paragraphs, EPA preseats a region-by-region assessment of the hazards to surface
water quality posed by phosphogypsum and process wastewater management. For each region for which
surface water releases have been documented, the Ageacy first duilds the case that releases from waste
management units have occurred in the past and are typical of current practices, thea uses environmental
setting information to assess the potential hazards (Le., bealth risks, risk to aquatic organisms, and resource
damage potential) at other facilities in the region. Whea no damage case information is availadle for a region.
evidence of release potential is used in conjunction with eaviroamental setting information to assess the
hazards of potential releases from the plants in these regions.

Central Florida. The damage cases presented in Section 12.3.2 indicate that unpermitied discharges
of process wastewater and/or phosphogypsum stack seepage 10 surface waters have occurred at the Gardinier
and Seminole plants in Ceatral Florida. ' AL the Gardinier facility, s aumber of releases from 1964 10 1988
bave been documented. Releases to surface water from solid weste management at this plant srise from the
discharge of untreased stack seepage from s drain sysiem that is designed to intercepe and collect leachate and
effluent flowing isterally awsy from the stack. As indicated in the damage cases, fivorides, phospborus, and
radicactive substances are preseat at conceatrations of concern in the effiueat from this drain system. ln
addition, these unpermined discharges bad 2 pH of L5 t0 2.2. In 1988, county and state inspeciors discovered
damaged vegetation oa the shoreline of Hillsborough Bay aloag the west side of the gypsum stack where an
unpermitied discharge was occurring. The affocked ares - approximately cee-half acre of saltwater marshes
and wax myrtle — had turned a brownish color,'® presumabdly as 8 result of the discharge of untreated stack
seepage. At the Seminole facility, surface water contamination has occurred vis an sapermitied discharge 10
Bear Branch. Similar reieases, of releases of contaminated ground-water discharging 10 surface water, could
also occur at the eight other facilities in this area that are located acar surface waters. At two of these

¥ Himshorough County Esviroamental Prosection Comminsios. Ocsobur €, 1988, Memoradum trom Roger Siswarnt, Direcior. 1o
Pam lono, Commmuoner.
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assessment, OAR estimates that the lifetime cancer risk to the maximally exposed individual (ME]) caused
by the inhalation of radon in the vicinity of a phosphogypsum stack is 9x10°5. The MEI lifetime cancer nsk
from radon inhalation is greater than or equal t0 1x10°5 at 17 of the 21 active phosphoric acid facilities. Oaly
the plants in Pascagoula, Mississippi; Aurora, North Carolina; Rock Springs, Wyoming; and White Spnngs.
Florida have an estimated MEI lifetime cancer risk from radon inhalation of less than 1x10°%.

Because phosphogypsum forms a crust on inactive areas of the stack as it dries, and because the active
areas of the suack are moist, the emission of particulste matter by wind erosion is not thought to be 3
significant release mechanism.'? Physical disturbance of dried phosphogypsum (e.g., by vehicles driving over
the stacks), however, may be an important particle release mechanism. The OAR risk assessment estimated
that the lifetime cancer risks from radionuclides in particle emissions from stacks range from 8x10° 10 2x10%,
Based on these risk estimates, the OAR assessment concludes that the risk from inbaling radon emitted from
phosphogypsum stacks is approximately two orders of magnitude greater than the cancer risk posed by the
inhalation of fugitive dust from phosphogypsum stacks.

The OAR study did not investigate the cancer risk posed by other toxic constituents (i.e., arsenic and
chromium) in phosphogypsum via particie inhalation. ‘Td supplement OAR's radiological assessment, EPA
performed a screening level analysis of the risks posed by arsenic and chromium blown from phosphogypsum
stacks. Using typical concentrations of arsenic and chromium in phosphogypsum, EPA calculated a lifetime
cancer risk of 7x10” from exposure to these constitueats in winddlown phasphogypsmu This analysis
shows that the risk posed by arsenic and chromium in inhaled phosphogypsum particles is on the order of 3§
percent of the risk posed by radionuclides in inhaled particies.

Based on the these findings, the Agency conciudes that phosphogypsum stacks pose a considerable
air pathway cancer risk primarily as a result of radon emissions from the stacks. By summing the risk
estimates for radon inhalation, radionuclides in phosphogypsum particies, and arseaic and chromium in
particles, EPA estimates a total air pathway lifetime MEI cancer risk of approximately 9x10°° from exposure
10 phosphogypsum coastitueats. This risk is primarily from inhalation cf radon emitted from stacks (mo")
with minor contributions from the inhalation of phosphogypsum particles containing radionuctides (2x10)
and arsenic and chromium (7x10°7). Based on the OAR estimates of risk from radon emitted from the stacks,
the following plants appear to pose the greatest air pathway risks: Pasadena, Texas; Royster/Palmetto; Uncle
Sam, Louisiana; Seminole; Central Phosphate; and Carfbou, Idabho. As meationed sbove, the stacks at
Pascagoula, Mississippi: Aurora, North Carolina; Rock Springs, Wyoming and White Springs, Florida pose
lower MEI lifetime cancer risk (Le., < 1x10°%).

Prozimity to Sensitive Environments

Eighteen of the 21 active U.S. phosphoric acid piants are jocated tn Of near eavironments that are
vulnerable to contaminant release or that have high resource value. Ia particular:

. The Seminole facility reported in its response to the Natioasl Survey on Solid Wastes
from Mineral Processing Facilities that it is Jocated in an endangered species habitat

*  The Royster/Paimetto and Pascagouls facilities are located within 6.5 and 7.8 miles,
respectively, of the critical hsbitat of an endasgered species. The two endangered
specics are the Florida Manasee and the Mississippi Saadhill Crase. Beaause of the

Ui p132

U This risk extimese s based ou 2 compariscs of the dust inhaistion risks posed by (1) median srssnic sad chromiem concentrauions
s dmarminad by EPA'S dats bass doveioped for this study and (3) svernge ecacunrsaions of rdiun-226, waniem-234, wasin-28,
thoriem-20, polcains-210, aad lead-210 presented is the OAR ssaimis. To caicmists the reistive Maks posed by these comstituent
coscentrations. EPA sssemed s8 @xposure poist coscratratios of wisdbiown phospbogypsum i air, sed applied stasdard cancer siope
(sctors and erposare aSuISpLICDs. such &5 thoRe weed ia developing the screenmg critaria (see Seczicn 2.2.2), 0 Gmets the reistrve
coatnbutions of aarcraogenk Melal and redionuciides 10 he mhsiation reks posed by srborne phospbasypsun.
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12.3.2 Damage Cases

EPA conducted waste management case studies to assess the impacts of phosphogypsum and process
wastewater management practices on human health and the eavironment. This review included 21 active and
eight inactive phosphoric acd facilities. The inactive facilities are: Agrico, Hahnville, LA: Agrico, Font
Madison, [A; Albright & Wilson, Fernald, OH: JR Simplot, Helm. CA: Mobil Mining & Minerals, De Pue.

" IL: U.S. Agri-Chemials Corp., Bartow, FL. Waterway Terminals, Heleaa, AR; and MS-Chemical located in
Pascagoula, Mississippi. Documented damages attributable to management of phosphogypsum or process
wastewater have been documcnted at more than ten facilities. Selected facilities are discussed in detail below.

Several lacton plzy an imporant role in influencing the effectiveness of typical phosphogypsum and
process wastewater management practices. Among these are water balance and soil stability. In Florida, for
example, phosphogypsum dewatering and reduction of wastewater volumes are made possible due to the
climate, specifically the relative amounts of precipitation and evaporation, in this region. In other areas.
however, such as Louisiana, a net precipitation surplus necessitates a system dependent on planned discharges
to surface waters. Soil stability appears to be much greater in Florida as well, where gypsum may be stacked
10 heights up to 60 meters (200 feet). In Louisians, gypsum piles over 12 meters in height are generally -
considered unstadble. In light of these differeaces, the case studies presented in this section are grouped by
sate.

idaho

Nu-West industries-Conda, Sods Springs, Idaho

The Nu-West plant is located approximately five miles nortk of Soda Springs, Idaho, near the
abandoned mining town of Conda. The site covers approximately 650 hectares (1,500 acres). With the
exception of a period from 1985 to 1987, the plant has deea in operation since 1964

Curreatly, Nu-West formulates and markets phosphate-besed chemicals and ferlizers. The
phospbogypsum waste is a by-product of the digester system, which produces ortho-phasphoric acid (P,0q)
from phosphate ore. Gypsum is slurried with process water and pumped o two storage ponds on top of the
gypsum stacks, which have been in use since 1964 and presently cover approximately 240 to 230 hectares (600
10 700 acres). The gypsum ponds are unlined; the stacks are about 46 meters (150 feet) above the natural
ground surface. Drainage sysiems decant slurry water off the top of the higher ponds into ponds at lower
elevations.

During March 1976, & dike surrounding the Nu.West cooling pond fafled and relessed 400 acre feet
of wastewater into the surrounding area. The waser spread out and poaded oa an estimated 20 to 40 becares
(50 to 100 acres) of farm land. The water then migrated vis a nstural drainage path, forming 8 small river that
extended four miles to the south. Wastewster reportedly iafiitrated into local soil and underlying bedrock
along its overiand migration psth, but never eatered 3 aatural surface water body.

While the Jdaho Divisica of Eaviroamest determined that dilution during spring run-off reduced
surface conceatrstions of coataminants to withia acceptable limits, the Caribou County Health Departmeat
recorded significant increases in ground-water conceatrations of phosphste, cadmium, and flucride immediately
following the spil. Sampies from 8 J.R. Simpiot Company (Conda Operation) production well No. 10, located
down-gradieat from the Nu-West facility, show that before the spill occurred, levels of phosphate in the ground
water sveraged 100 mg/L, and rose to 1458 mg/l. after the spill. Levels of cadmium in the ground water
Wuxmmmwmmq&mmmmmanmmpﬂsm
be&m.and”nﬂl.afm the spill, respectively.!

M EPA Rapon 10. 1988 uwmuupw-mcmmwm TDD 10870208
March, 1908
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Gardinier's on-site waste management uaits include two process water ponds (Nos. 1 and 2) and a
gypsum stack Process Water Poad No. 1 is an unlined pond that occupies 13 bectares (32 acres) and is 2
meters (6 feet deep); Process Pond No. 2 occupies 80 hectares and is 2.1 meters deep. The gypsum stack.
which as of December 31, 1988 contained about 58 cubic meters (76 million cubic yards) of material, occupies
an area of 150 hectares and is 61 meters high. The ponds on top of the gypsum suack occupy 16 hectares and
are 2 meters deep. The typical pH of the liquid in the gypsum stack ponds is 18.%

Phosphogypsum is piped to the gypsum stack as a slurry mixture (approximately 30 percent solids).
The gypsum settles from the slurry and the liquid is decanted for reuse in the manufacturing process. Water
which seeps through the stack is collected in a perimeter drain that is buried at the toe of the stack. The drain
carries the seepage water 10 a sump in the northeast corner of the gypsum stack where it is pumped to an
evaporation pond located on pan of the gypsum stack. Surface water run-off from the exterior slopes of the’
. stack is discharged into Hilisborough Bay.?!

Records at the Hillsborough County Environmental Prorection Commission (HCEPC) cite
eavironmental incidents at the Gardinier facility as far back as November 21, 1973, when HCEPC investigated
a citizen's complaint and dnaovered 210 dead crabs in traps placed near the facility’s northwest outfall. The
pH of the outfall water was 2.9.52

Water quality violations attributable to Gardinier resulted in the following sdministrative actions: a
Consent Order negotiated between the HCEPC and Gardinier on August 22, 1977, a Citation to Cease
Violatios and Order to Correct from HCPEC on November 8, 1984; a Warning Notice from the State of
Florida Department of Eavironmental Regulation (FDER) on April 9, 1987; s Citation to Cease and Notice
to Cotrect Violation from the HCEPC on Msy 26, 1988; and, 3 Warning Notice from FDER on October 18,
1983. These administrative actions were issued to Gardinier following unpermitted discharges from either the
gypsum stack or the cooling water ponds.

. The November 8, 1984 citation was issued for an untrested efflueat discharge which occurred on
Ocober 8, 1984. The citation notes that “toe-drain effluent contains séveral thousand milligrams per lLiter of
fluorides and phaphomndnplompm-cumpernmolndh‘cuvemum Alsg, its pH can be
as low a3 1S standard units.**4 A sampie of the discharge on March 30, 1987, which resulted in the April 9,
1987 |r|x'|:n:£1 notice, shows that the pH was 1.9, total phosphorus was 6,740 mg/L and dissolved fluorides was
4375 mg/L.“ HCEPC analyzed a sample of the discharge which resulted in the October 18, 1988 warning
notice and reponed the blbwing results: pH, 2.2; total phospborus, >4,418 mg/l. and fluoride,
1,690 my‘l._

The May 26, 1988 citation from HCE?C states that “svailable agency records indicate a considerable

history of incideats of discharge resulting in exceedances of environmeatal standards and contamination of the
air and waters of Hillsborough County. Enforcement in each case required remedial actions intended to

® Garcisser, inc. March 29, 1999, Naticaal Survey of Solid Wastas trom Misersl Processing Facilisies

T Ardames & Associmm, lac. s@-n.xm Grousdwaier Mcaitoriag Pias for East Tamps Chemical Plant Compiex.
Hilsborough Couaty, Foride.

2 Hiksborough County Esvircamental Prosection Commimion. Msy 6, 1908. Gardinier Hisory.

o Mcmm—-umc_u wanmwuu—muraww
ar.nuwu-.

u mc«:—;mmu November &, 1984. Citation 10 Ceass Violstion sad Order 10
Correct inseatt 10 Gerdinier, lac.

¥ Hilkbhorowgh County Esviroamental Protection Commission. March 31, 1967. Notice of Allsged Vicistios isswed to Gardinier,

% Florids Depariment of Eavironmental Regulatios. October 18, 1988. Warniag Notice No. WNSS-0001TW29SWD issued 10
Gardisser, [nc
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The CPI plant began operation in December 1965; principal products inciude phosphate fertilizer.
sulfuric acid, and ammonia 3  Phosphogypsum generated during the production of phosphoric acid is
disposed onsite at the company’s 170 hectare (410-acre) phosphogypsum suack. A S0 hecuare unlined process
water cooling pond completely surrounds the gypsum stack. The depth of the cooling pond is 2.4 meters (8
feet). As of December 31, 1988, the unlined gypsum stack was 111 feet high and coatined approximately
70,000,000 tons of material The top of the gypsum stack presently contains 8 ponding areas occupying a total
area of approximately 105 hectares. Two designated areas on top of the stack, located in the middle, are used
for duposzjl of non-hazardous wasie materials, such as construction and demolition debris and non-hazardous
chemicals. .

Activities at the Central Phosphates site have resulted in ground-water contamination in the surficial
and uppei Floridan aquifers. To date, it has been determined that the surficial aquifer and, to an
undetermined extent, the Floridan aquifer bave increased levels of fluoride, sodium, gross alpha radiation,
heavy metals, sulfate, towl dissolved solids, and nutrieat compounds in excess of applicable guidance
concentrations and/or state and federal drinking water standards. Contaminated ground water, primarily in
the surficial aquifer, has migrated off-site under appmmlely 11 hectares (275 acres) of the Cone Ranch
property, located south of the CP! facility. #*

Quanterly ground-water sampling began at the Central Phosphates facility in April 198S. Based on
the results of sampling from these wells in the second quarter of 1985, a warning potice was issued to the
facility by the Florida Deparument of Environmental Regulation (DER) for violation of the primary drinking
water regulations. Maximum contamination levels for sodium and chromium were exceeded in a down-
gradient well in t.he Floridan aquifer and for sodium, chromium, and fluoride in a down-gradieat well in the
surficial aquifer.

In June 1987 the West Coast Water Supply Authority provided DER with preliminary data from
laboratory analysis’ of ground-water samples collected from the Cone Rnch property which indicated
degradation of both the surficial and the upper Floridan squifers. 4!

The final report oo ground-water investigstions conducted a: Cone Ranch during May and June 1987,
prepared by consultants w0 the West Cosst Regional Water Supply Authority, ideatifies two areas of
contamination on the Cone Ranch property. The report concludes that contamination in one area (designated
Area A) was caused by a dike failure and resultant spill of process water from the Central Phosphates facility
in 1969 and that contamination in another area (Area B) was caused by seepage of contaminated water from
the recirculation pond located immediately north of the spill area.

A consent order addressing the ground-water contamination problems at the site was drafted by DER
during July of 1987 and signed by DER and Ceatral Pbosphates, Inc. on Seprember 29, 1967. The consent
order documeants violations of primary and secondary drinking water standards for chromium, sodium, fluoride,
gross alpha radiation, iead, snd cadmium from a dowa-gradient well in the surficial aquifer. These violations
occurred from May 6, 1965 trough April 27, 1987; maximum valves listed in the comsent order for each

% Ardamas & Amocisess, Iac. Sepuember 21, 1967, Quaiity Asssraace Project Piaa. Cautral Phosphesas, lac.. Pleat Clty
Phospbate Compiax (part).

7 Cestral Phosphesas. Inc., March 29, 1999, “Neciosal Sarvey o Solid Wastes from Misers! Procsming Facilities.”

% W Cosst Regionzl Water Supply Amthority. May 11, 1999. Lener from M. G. Karasy, Hydrologic Servicm Masager, 1o M.
Troyer. ICF, Ise.

» Ardamss & Amocisia, lac, Angunt 9, 1988, Coataminsticn Amsmmen: Report, Cantral Phosphaam, lac, Past Clty
Phosphate Compiax, Hilsborough Cousry, Floride.

© Siae of Floride, Department of Esviroamencal Raguiaticn, Warniag Notics No. 23-83-47-182, Jaly 17, 198S.

4 Cms Qhromoiogy for Cantral Phasphasm, lac., uadaiad, Florids Department of Eaviroamantal Regeistion extoroement flles.

2 Leggetie. Brashaens & Gratem. Inc. July 1S, 1987, West Cosst Regioaal Waser Supply Amtharity Hydrologic and Water
Quality Site [svesugauon st Cose Raach, Hilisborougk Cogary, Flonda.
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The north gypsum stack, which first received waste in 1954, occupies approximately 65 hectares (159
acres) at an average height of 9 meters (28 ft). This stack receives process wastewater, phosphogvpsum.
gypsum solids from “tank clean out.” and filter cloths. As of December 31, 1988, the north gypsum stack
conuined 14 million short tons of material. The south gypsum stack, which first received waste in 1965,
occupies approximately 164 hectares at an average height of 14 meters. As of December 31, 1988, the south
gYpsum stack had accumulated 38 million metric tons of material.*®

Activities at the Seminole Fertilizer Corporation facility have resulted in elevated levels of several
parameters in ground water in the surficial and intermediate aquifers. This contamination has affected potable
water wel.s in the area, some of which have been replaced with water from the City of Bartow's public

supply. %

Seminole maintains eight monitoring wells as part of the ground-water monitoring system required
for its state permit. Seminole has stated that MW-3 and MW.7 are up-gradieat, background wells. All other
wells are listed as down-gradieat. The facility’s ground-water data from Seplember 1986 through March 1989
show that the down-gradient wells repeatedly exceeded the water quality standards for pH, gross alpha
raaiax.iOt;.l radium-226 and radium-228, iron, manganese, TDS, sulfate, cadmium, chromium, lead, and
fluoride.

On March 8, 1988, the Florida DER issued 8 warning notice to W.R. Grace & Compasy for violations
of its ground-water monitoring permit during the third and fourth quarters of 1987. The standards for gross
alpba radiation, radium-226 and radium-228, and sodium had beea exceeded in some ground-water samples. 2
The analytical results showed the following maximum conceatrations for each parameter: gross alpha, 107
pCiL.; radium-226 & -228, 14.4 pCi/L; and, sodium, 657 mg/L.

In addition to on-site wells, neighboring potadble water wells have also beea adversely affecred.
Analyucal data from May 1988 show that 12 of 18 wells contained at least one contaminant at levels above
the drinking water standards. Contaminants that were found in the samples inciuded arsenic, lead, sodium,
gross alpha, radium-226 and radium-228, iron, pH, sulfate, and total dissolved solids.5> Potable water wells
near the facility were replaced by a public wates supply from the City of Bartow; WR. Grace apparently paid
for the water supply line installation and connection 10 the affected water users. 3

Seminole has aiso received a warning noﬂee from the Florida DER for an unpermitted discharge of
process water from the facility to Bear Branch.%

Florida - Other

Management histories similar 10 those described for the above Florida facilities bave also been
documented by the Florids DER for CF Chemicals, Inc. and Farmiand Industries, Inc. in Bartow, FL., and for

Conserv, Inc. in Nichols, FL.

® i

% Florids Department of Esvircamental Reguistiss. Septamber 29, 1988, Cosversstion Record betwesa B. Berker, Drisking Water
Secticn. and K. Johasoa, FDER.

51 Semincie Fertiliaer Corporsticn. Juse 1. 1999, Copy of facility’s ground-wmter moniioring data from 86 0 389,

2 Fiorids Department of Egvircamantal Reguintion. March 8, 1988 Warnieg Notics No. $3-88-03-061.

9 WR Grace & Compeny. Juns 3, 1998. Letiar from Glasa Hall. Esvircamental Eagiaser, W.R. Grace & Ca., 1o Kirk
JMMMdW“dMM&hW”ﬂM&&
tacil

¥ Florids Deparuses: of Esvironsestal Reguistion. Sepiember 29, 1988 Cosversstios Record berwass Sob Barker, Drinking
Water Sectios. and Kirk Johneon, FDER.

% Flonds Depsnment of Eaviroamental Raguistion. May 30, 1984. Warniag Notios No. $3-84-03-327.
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Recent investigations have focused on leakage from cooling ponds Nos. 1 and 2, which have resulted
in ground-water contamination of the first fwo water-bearing zones at the site®? In 1983, Texasgulf
commussioned a Preliminary Contaminant Assessment for Cooling Ponds 1 and 2 in fulfiliment of requirements
for the renewal Of a zero discharge permit.  As part of this study, Texasgulf installed a toda! of 21 monitonng
wells at the site in March and April of 1983. These monitoring wells included 10 wells at Cooling Pond No. 1.
nine wells at Cooling Pond No. 2, and two background monitoring- wells.¢3

Initial ground-water samples, oblained from monitoring wells at each of the cooling ponds during
April 1988, show the results for the surficial aquifer and the Croatan Aquifer, which underlies the surficial

aquifer at the site.** These results are displayed in Exhibit 12-6.

THe first zone appears to be discharging to the facility’s main effluent canal, while the direction of
ground-water flow in the next zone is toward the northeast and Pamlico Sound.%3% Texasgulf subsequent-
ly began additiona! investigations to delineate the extent of contamination.’” Initial results appesr to
support the initial conclusion that contamination is confined to the upper two water-bearing zones and that
the Yorktown formation has prevented downward migration of contamination.%® Texasguif's Remedial
Action Plan is currently under review by the NC.DEM.%

Louisiana

Agrico Chemical Co., Donaldsonville, Louisiana

AGRICO Chemical Company’s Faustina Works phosphoric acid plant, which is located in
Donaldsonville, Louisiana, began operations in 1974. Approximately 68 resideats inbabdit land within one mile
of the facility. Receiving waters are the Mississippi River and the St James Bayow

Gypsum waste i3 slurried with process wastewater 10 a stacking area, where the solids settle out. and
the water drains inte adjacent poads or clearwells. .

This facility bas experienced probdlems with eievated concentrations of phaosphorus, fiuoride and acid

pH levels in surface and ground waters. Emergency discharges of untreated waters to surface water have
occurred periodically throughout much of the 1980s; contamination of the ground water was reported in 1986,

EPA Region V1 has prohibited the discharge of gypsum into the Mississippi River. About 1983,
Agrico requested a modification of its NPDES Permit from EPA t0 allow Agrico to discharge gypsum to the
Mississippi River under certain conditions. Agrico argued that the 1973 impoundment design was based on
Florida facilities, and that the Louisiana climate and soils are different. Agrico stated that the height

€ Temmguil July 21, 1988 Prelimisery Contaminstion Asemsment 5t Cocling Poads No. 1 and 2, Tesgelf sc. Phosphats

Operations, Asrors, North Caraliss. .
- © i )

& Taxsguil July 21, 1998. Preliminery Comaminstion Asssmment ot Covling Posds No. 1 sad 2, Taxseguif lac. Phosphats
Operztions, Amrom, North Carviima.

¢ NC-DEM. Demmber 13, 1908. Memorsadem from B. Raid 1o A Mosbarty, Re Tamsguif, lac. Resewnl of Permit No.
2982, Cooling Poads Nos. ] sad 2,

“ NC.DEM. lanwary 17, 1999. Mamorssdum from R. Joass 10 C. MoCaskill, Sup. Siste Eagineering Revisw Usit, Permits and
Eagismriag Braach, Re Permit Renswal No. 2362 Cocling Ponds #1 aad 2 Tamegalf, lac.

€ NC-DEM. Decamber 13, 1908 Memorsadum from B Raid 10 A. Mosbarty, Rz Temsguif, Iac. Renewal of Permit No.
2982, Cooling Ponds Nos. | aad 2

® NC-DEM. Juse 3, 1999. Memorsadam from B. Reid 1o R. Smichwick, Re Texasguil, Iac. Rewedial Actios Pian Cooliag
Poads No. 1 aad No. 2.

® Ardaman & Amocistes. Fedruary 6, 1990. Lotier from TS. Ingra and JE Cerisager 10 W.A. Schimming. Taaagulf, Re:
Rmpoase 10 Deflamas Nowd by DEM Concaramg the Cooliag Poad No. 1 sed No. 2 Remedial Action Pisa aad Proposed Reveed
Remedia) Actioa Pisa, Teegull Phosphsts Oparstions.
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spilled water was pumped 10 2nother gypsum holding stack: concern over the potestial failure of this stack,
however, led Agrico to discharge the untreated water to the Mississippi River over a period of several weeks.
These discharges exceeded permit limits.”"® After the pond failure, water of pH 2 was found flowing in
an on-site drainage ditch at approximately 20 gpm into the St James Bayou. The large volume of released
water had deswroyed 2 dam that controlled flow from the drainage ditch into the St James Canal Agrico
reinstalled the dam on April 22, 1983, and transferred the low pH water still in the dammed section of the
ditch back to the gypsum poad system. Agrico checked the water in St James Canal, concluding that it did
not seeTn; 7a‘lffecwd by the low pH water discharged 1o it as a consequence of the April 15, 1983 gvpsum pond
failure.’”

Duwe to heavy rainfall, Agrico has continued to periodically perform emergeacy discharges of untreated
stormwater from the clearwell, as occurred in March and again in June 1987. In its letter of notificauion,
Agrico stated that “additional rain could result in catastropbic levee failure leading to loss of life, personal
injury, or severe property damage.*”

In March 1986, Agrico reponted 10 LA DEQ that the water along the length of the north and east
phosphogypsum perimeter ditches might be “slightly impacted® by phosphate, sulfate, and fluoride.®

In August 1986, Agrico submitted to LA DEQ a Hydrologic Assessmeat report for the Donaldsonville
facility. LA DEQ regarded the reported situation as requiring corrective action: °“Contamination of the
shallow ground water, although by coastitucats which are not of great concern, poses & threat to drinking
water. The Deparument’s position is that the same physical characieristics that allow the contaminants to
travel through the shallow silt faster than your theoretical mode! are preseat in the underlying clays.*!

Evea under non-emergency circumstances, Agrico has bad difficulty keeping in compliance with
NPDES permit limitations. In April 1987, an investigator reported that discharges from Agrico's inactive
gypsum impoundment (Outfall 002) were in exceedance (up to 35 times) of permirted levels. However, the
investigator determined 1hat no action would be wkes *ustil reissuance of new permit 2

In August 1987, LA DEQ determined that Agrico could aot comply with the Louisiana Water
Discharge Permit System that had been effective since March 1967.8 LA DEQ issued an Administrative

Order to Agrico to allow the facility to temporarily discharge water from gypsum stacks until standards were
mer 34458657

3 ssbmiced by atsorasys for Agrico Chemical Cotpasny,
Kesa. Miller, Hsmthorse. D’Armond, McCousns & Jarmaa. and Hall, Esulll, Hardwick, Cabdie, Collingsworth & Neson, Re Agnco

¥

® Louiiens DEQ. Ocaober 25, 1984. Mamorsadum trom Patricis L. Nortoa, Secrwary, 10 J. Dule Givens, Assisiaat Secreusry,
Re Agrico Coemical Co. .

T Agico. Agil D, 1983, Latier rom RA. Wooissy, Plast Masager 10 1. Dais Givens, Admisisrmor DNR, Re WPCD
Inspecuoca of the Feuntina Facilicy on Agri 22, 1983 .

® Louisieas DNR. May 11, 1963 lnmalistios Iaspection Forms. compieted by Susss Siewart, lasialistion Represencacive.

P Agrico. Juss 17,1987, Leter trom RA. Woolssy, Piant Manager 10 Myros O. Kawisca, US. EPA Regios ¢ Direcior Water

® Agrico. March 12, 1994. Letter from Suma P. Siowart, Maneger, Eaargy sad Egviroxmastal Control to Gersid Haaly,
Adminimrator, LA DEQ Solid Wame Division, Re Agrico Phasphogyrsam Site (P-0063) GD-093-01.

- B Lovisisns DEQ. Angunt 22, 1906 Letier trom Ceorps H. Cramer, 11, Administrasor 10 Susa Siswart, Agrico Mamager
Energy snd Eavircamestal Costrol, Re  Hydrogsoiogic Amemmant, Fisal Report GD-093-8791.

€ Us. Esvirosmental Proection Ageacy, Regios 6. 1906-38. NPDES Vicistios Semmerias, from 1018486 - 412488,

8 {ouisisas DEQ. Angust 17, 1987, Ister-office Lener, from G.S. Chsmbers 10 DJ. Miller, Re: Fousting Pisnt - Adminisirative
Order.

* D
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to the emergency bypass of e clearwell water.™ The accumulation of facts throughout the documests
suggests that excess water n Quse failure of the gypsum suck or of the clearwell walls. During a discharge
on Fedbruary 27, 1987, Arcadian stated that the action was necessary “10 prevent possible injury and severe
property damage." Such a discharge occurred again beginning on March 10 of the same year.*® Dunng
these discharges, pH vo.ues ranged from 1.3 to 2.5; phosphorus concentrations from 3,688 mg/L. 10 7,960 mg/L:
and fluorine concentrations from 6,188 to 14,649 mg/L.

An EPA NPDES Violation Summary, based on discharge monitoring reports from March 1986 to
December 1987, showed that Outfall 003 violated effluent limits each month from at least December 1985 until
August 1987. No enforcement action was taken for agy of these violations. Since February of 1987, the EPA
inspector has noted: “No action taken - waiting for an eaforceable permil.® Contaminant concentrations were
similar to those listed above.

On December 8, 1988, EPA Region V] issued an Administrative Order to Arcadian regarding several
violations, including the discharge os October 28 of that year of caicium sulfate run-off (Outfall 003)
containing total phosphorus of 8,176 Ibs/day, exceeding the permitted limit of 7,685 Ibs/day.”’

_ According 1o the LA DEQ, this facility has not experieaced non-compliance or emergency bypass
problems since those outlined in this section.

Louisiana = Other

The management histories described for e above Louisiana facilities are also typical of the other
Agrico facilities (Hahaville and Uncle Sam).

12.3.3° Findings Conceming the Hazards of
Phosphogypsum and Process Wastewater

Based upon the detafled examination of the inberent characteristics of phosphogypsum and process
wastewater anising from the production of wet process phospboric acid, the mansgement practices that are
applied 10 these wastes, the environmenmnl settings in which the generators of the materials are situsted, and
the aumerous instances of documeated eaviroameatal damage that have beea described above, EPA concludes
that current practices are inadequale 10 protect human health and the environment from the potential danger
posed by these wastes.

intrinsic Hazard of the Wastes

Review of the availabie data on phosphogypsum and jis leachate constituent concentrations indicates
that conceatrations of 12 constituents exceed one or more of the screening criteria by more than a factor of 10,
and that maximum chromium and phosphorus conceatrations exceed the scroening criteria by faciors of greater
than 1.000. In addition, two samples of pbosphogypsum (out of 28) coatained chromium concentrations in
excess of the EP wmicity regulatory Jevel, and phosphogypsum frequeatly coatains nranium-238 and its decay
products at jevels that could preseat a high radiation hazmrd if the waste is allowed 10 be used in an

* Kess & al, Attorasm ot Law. November 6, 1984, Laner Som MUN. Hartourt 10 1V. Farpson, EPA Regios 6, Re  Notice
of Aacicipased Dypass, NPDES Permit No. LAOOIS2S7, Arcadimn Corp., EPA Plis No. T945-1.

% Arcadiea Febrwary 27, 1967. Laster trom MUN. Hartourt 10 J. Vas Baskirk, EPA Ragios 6 and J.D. Givess, LADEQ, Re
Notics of Asticpated Bypam sad Reguest for Order Amhorizing Dypass.

% KXasa, o1 al Antoraeys ot Low. March 19, 1987. Latter from MN. Harbourt 1 J. Voa Buskirk, EPA Ragios 6, Re  Arcadian
Corporstion - NPDES Permic Nembar: LA-0066257, EPA Fiie Nambar: T945-1.

7 US Eovicamastal Protactios Ageacy, Region 6. Decomber 8, 1988, Cover letter from M.O. Kaudsos 1o HJ. Baker.
 Arcadisn, Re  Admmuirsuve Order Docket No. V1-89-043, NPDES Permit No. LAOOS2S?. 128488 (Admmmirauve Order

attached).
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disposed in mcb or in mined-out areas, effectively prohibmng use s & construction material or agncuitural
soil supplemem.

Under the Clean Water Act, EPA has the respoasibility for setting ‘effluent lunimions based on
the performance capabmty of treatment technologies. These *technology based limitations,” which provide the
basis for the minimum requmenu of NPDES permits, must be established for various classes of industrial
discharges, including 2 number of mineral processing categories.

Permits for mineral processing facilities may require compliance with efluent guidelines based on best
practicable control technology curreatly available (BPT) or best available technology economically achievable
(BAT). BPT effluent limitations of process wastewater from wet-process phosphoric acid, normal
superphosphoric acid, and triple superphosphoric acid include (40 CFR 418.12(c)):

| romam | cuvMamem | Mowwyavense |
{
: Total Phosphorue 108 mgA. 38 mgt
I Fluoride s mgt 25 mgh.
Total Suspended Solics 150 mgL S0 moL

Effluent limitations concerning the concentrations of pollutants coatained in (1) the discharge of
contaminated non-process wastewater after application of BPT and BAT (40 CFR 418.12(d) and 418.13(4)),
(2) discharges of process wastewater related to phosphoric acid production from existing sources after
application of BAT (40 CFR 418.13(c)), and (3) process wasiewater from defluorination of phosphoric acid
after application of BPT and BAT are identical and as follows (40 CFR 422.52(c) and 422.53(c):

Total Phosphons 108 mgi. = 8 mgh.
Fluoride S mgh B mor

No discharges of process wastewaters from the production of phospboric acid or from the
defluorination of phosphoric acid are allowed from new sources.

In cases where the State does 2ot have an approved NPDES program, such as Texas, Louisisna, and
Florida, EPA Regional persoanel have stated that EPA applies the above guidelines. However, EPA may aiso
adopt State water quality standards for the management of these discharges, if spplicadle. In ldabo, which also
does oot have an approved NPDES program, the Federal guidelines listed above would apply. EPA Regional
suff have oot beea available to coafirm curreat policy regarding discharges from phosphotic acid facilities.
The State of Florids does not currestly have an EPA-approved NPDES program. Therefore, existing Federal
regulations coscerniag the mansgement of wastes from the production of phosphotic acid, would apply for
facilities in this State. Wastes from phosphoric acid production are subject to the effiueat limitation guidelines
set forth in 40 CFR Part 418 Subpart A

The Chevron Chemical Company phosphoric acid facility located ta Rock Springs, Wyoming is
situated on federal lands managed by the Bureas of Lasd Management (BLM). The Federal Land Policy and
Managemeat Act of 1976 (FLPMA, 43 USC 1732, 1733, aad 1782) suthorizes BLM 10 regulate mining

%0s April 10, 1990 EPA published 3 Notics of Limised Recoasideration that provided s hmited cias weiver that aliows conuinued
we of phosphogypsum for agricultural we for the durstion of the carTen: growing sassca. but 80t 10 enend deyoad October 1. 1990.
This sotics aiso solicited commant o8 allernscive mas of phasphogypeam, Le., Mansgement practions other than disposal.

% The limitations for defuoriastion procsss westsweter also inchude daily maximum limits of 150 mgA. sad 69 33d montdly
sverage kimuts of 50 mg/l. aad 69 for TSS and pi{ respecuively.
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12.5 Waste Management Alternatives and Potential Utllization

12.5.1 Waste Management Alternatives

Waste management alternatives, as discussed below. include alternative processes for manufacruring
phosphoric acid sad methods of purifying (ie., reducing coacentrations of radionuclides and/or other
contaminants) the phosphogypsum so that it can be safely used in agriculture or coastruction. Direct recycling
of phosphogypsum is not a viable alternative, because the phosphogypsum itself cannot be used in the
production of phosphoric acid, although it is already common practice to recycie the process water used to
slurry the phosphogypsum. One exception to this, as is discussed briefly in the section on utilizarion. is the
production of sulfur dioxide (SO,) by the thermal decomposition of Pphosphogypsum, which can be recycled
10 the manufacturing process as sulfuric acd

Process Ahornaﬁvn for Manufacturing Phosphoric Acid

There are a number of variations of the basic wet-acid process used 10 magufacture phosphoric acid.
These alternative processes are considered in this section because the phosphogypsum that they geaerate may
differ in its degree of hydration (hemihydrate vs. dihydrate) at the time of geseration, which can determine
which purification methods can be applied to the phosphogypsum, and how efficiently they can remove the
impurities. ln addition, the amount of preprocessing required before some types of utilization (e.g., as wall
board or plaster) cas also vary with the production process used. Unfortusately, there is insufficieat data
available to attempt an evaluation the volume, composition, or potential bazard(s) of the phosphogypsum
generated by the different processes. Consequeatly, this discussion focuses on the differences that could be
relevant to the subsequent treatment, utilization, or disposal of phosphogypsum generated by the differeat

production processes.

The processes 10 be discussed are the clamsic Prayon and Nissaa-H processes which generate the
dihydrate form of phosphogypsum (CaSO, -2H,0); and the Central-Prayon and Nissan-C processes, which
generate the hemibydrate form of phosphogypsum (CaSO, - 4H,0).

In the classic Prayon process, the dibydrate phosphogypsum is filtered out of the solution produced
by the digauonofghe&hurockbyulhﬂudd. The phosphogypsum is then pumped as a slurry to mnum
stacks tordhpanl.

In the Ceatral-Prayon process, the dibydrate phosphogypsum is filiered out of the solution produced
by the digestion of phosphaie rock by sulfuric acid. The phospbogypsum is coaveried 10 the hemihydrate form
by heating it and adding sulfuric acid, wiesreupoa the bemikydrate/pbosphogypsum is extracted from the acid
ﬂwﬂmmtw&h;ﬂ&hﬂhmwmmcmwﬂm&mm
bemibydrate slurry beiag seat 10 the stacks for disposal !®2

In the Nissan-H process, the phosphste rock is digested by suiferic acid at a high temperature which
causes most of the phosphaie rock to decompose and the bemibydrate form of phosphogypsam (O be generat-

'P-N.

Developmens Orpamemacion (UNIDO), Moy 1985, . 38.
Lo n—-;u.nuh..u mmn—umnm

M
ha o . hete Rog ) iagr Mass Yy, EPASS3- T4, Esviroamental
mrmmmummmwmu&mw
Ageacy, Fetreary 1977, p- 21,

* Dd.p 3
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¢d.1® The hemihydrate slurry is cooled and recrysullized to dikydrate by using seed crystals of dibwdrate
phosphogypsum. This recrystallization step results in the formation of phosphogypsum crystals which can be
casily filtered. and are believed to be of sufficient quality to be utilized in building materials without additional
treatment 0413

The Nissan-C process is very similar to the Nissan-H process, the main difference being that the
hemibydrate slurry is recrystallized by both cooling it and changing its acid concentration, which resuylts in
phosphoric acid concentrations of 45-50 percent without evaporation (as opposed 10 the 30-35 percent
normally produced by the dihydrate processes) and in 2 higher quality phosphogypsum. !

Current and Potential Use

It is uncertsin which of the above processes are used by each of the phosphoric acid facilities.
although EPA believes that at least two or three of the facilities use one of the processes (Central-Pravon or
Nissan-C) which generate hemihydrate phosphogypsum, and that the rest of the facilities use one of the
processes (classic Prayon or Nissan-H) which generate dihydrate phosphogypsum.

There do pot appear to be any insurmountable obstacles preveating any of the facilities from using
any of the available production processes. Some of the reasons why particular facilities use, or have converted
10, 3 particular process have been that the hemihydrate processes are more eaergy efficient because the
phospboric acid that they produce is more concentrated (hence, requires Jess evaporative concentration, which
is energy-intensive), and that the dihydrate processes are easier to control and maintuin. 1f it becomes
necessary to reduce the radionuclide content in the phosphogypsum (see the discussion of phosphogypsum
purification below) so that it could de utilized rather than disposed (see section 12.5.2), facilities might have
more inceative to begin using one of the processes which generate hemihydrate phosphogypsum, since the two
purification methods which employ acid digestion require anhydrite or bemihydrate phosphogypsum.

Purification of Phosphogypsum .

Utilization of phosphogypsum in construction and agriculture -is constrained by the preseace of
impurities and hazardous constituents in the waste. Constituents such as radium-226 and arsenic may need
10 be removed because of the hazards they may preseat {0 human health and the eavironment, while
phosphates and fluorides need 10-be removed for technical reasons related to the methods of utilization. The
impurities include insoludbles such as silics sand and unrescied phosphate ore; occluded water soluble
phosphoric scid and cmnplc fluoride salts; and interstitially trapped ions within the phosphogypsum crysual
lattice, such as HPO, %', AlIF", and radicsctive radium-226.1"

Description

Several processes for removiag radium-226, as weil as the other impurities, have receatly been
developed. 19818 Mmmdwwamamwmmpu physical
removal of the more radicactive portioas of the phosphogypsum.

© Did.p 14
* Dig.p 16
¥ The shesnce of supporting dots has provenssd EPA from evalmsting the vaiidiey of this statement.

" Mushiberg, gp- Sit- 5 18
" primer, 1.W, and J.C. Geysor, Phosshosypesn Puriicptios, USO Corporation, Libervyville, Sliscis, May 30, 1985, p. 1.

R US. Pasns 4338292 to USG

Carpaumlue 14 lm.p 2.
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of physical separation should be able to reduce the radium-226 concentration below the 10 pCi/g threshold
in most of the phosphogypsum generated.
Therefore. it appears that only a small portion of phosphogypsum produced annually could be

sufficiently purified by the physical separation technique. In order to reduce all the phosphogypsum to a level
at or below the 10 pCi/g threshold, the purification methods using acid digestion would be required.

Factors Affecting Regulatory Status

“The residuals generated by the acid digestion purification ot phosphogypsum have a specific acuvity
of up to 600 pCi/g!'!, and while the purification process generates a relatively low volume of waste, it is
very concentrated and may pose disposal probiems that equal or ourweigh those associated with the original
phosphogypsum. At this time, however, EPA does not have sufficient information t0 articulate 2 position on
the regulatory status of this residue. One waste management strategy which has been suggested for
immobilizing the radionuclides is to blend it with waste phosphatic clay suspensions (slimes) and allow the
mixture o solidify.!’? The discussion in Section 1252 on utilization of phosphogypsum in mine
reclamation provides an explanation of this approach.

While no information was found on the volume or radium-226 concenatration of the waste resulting
from the physical separation method, it 100 would produce residuals with relatively high conceatrations of
radium-226.

12.5.2 Utilization

Descrided below are a aumber of alternatives for utilizing phosphogypsum. Some of these uses, such
as agriculture and mine reclamation, already utilize significant amounts of phosphogypsum. Other alternatives
(e.g., use as a construction material) have beea shown 10 be technically feasible, but for a variety of reasons
have not moved beyond the developmental stage of field testing in the U.S.

At the time of this assessmeant, it is uncertain which, if any, of the uses discussed below will de
allowed. EPA curreatly requires um phosphogypsum be disposed in stacio or mines, which preciudes
alternative uses of the material!® except for a limited class waiver for the agricultural use of
phosphogypsum, which will be in effect until October 1, 1950. EPA has, however, announced a limited
reconsideration of the rule requiring the disposal of phosphogypsum in stacks or mines, and has also given
notice of a "proposed rulemaking by which EPA is proposiag 10 maintin or modify the rule 1o, alternatively
or in combination, (1) make 80 change to 40 CFR Pan 61, subpant R, a3 promuligated on October 11, 1989,
(2) establish 2 threshoid leve! of radium-226 which would further define the term *phosphogypsum’, (3) allow,
with prior EPA approval, the wse of discrete quantities of phospbogypsum for researching and developing
processes 10 remove radium-226 from phosphogypsum to the extent such use is 8t least as protective of public
bealth as is disposal of phosphogypsum ia mines or stacks, or (4) allow, with prior EPA approval, other
alternative use of phosphogypsum to the exient such use is at least as protective of public health as is disposal
of phosphogypsum in mines or stacks.*!!

M Mot ). Loeatic v OIOhORYDRUID AN
Platres Latarge (Frasce) (Muhun).

'S Patmer, J.W. aad 1.C. Geyaor, Method fox Solidifviag Wone Simg Suspeasions, U.S. Patest 4457,781 10 USG Corporation.,
July3,1984,p. &

0 <4 FR 51634, December 15, 1999.
114 55 FR 13482, April 10, 1990,
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In a different study, dat on the radium-226 conteat of phosphogypsum samples trom Florida and
1daho were used t0 Glculate the increase in radium.226 content of s0il 10 which pbosphogypsum is applied.
The study found that the application of 1 metric tons of 40 pCi/g phosphogypsum to 1 hectare of land, and
mixed in the soil to a depth of 20 cm, would increase the radium-226 content of the soil by 0.01538 pCisg,
Therefore, the application of phosphogypsum for the purpose of sulfur fertilization (assuming an application
rate of 0.1 metric tons per hectare per year) would result in an increase in the soil’s radium-226 content of
0.0015 pCi/g-vear, while the application of phosphogypsum for the purpose of sediment coatrol (assuming an
application rate of 4.0 metric tons per hectare per year) would result in an increase in the soil's radium-226
content of 0.62 pCi/g-year. Over a period of 100 years, these application rates would cause radium-226
concentralions o increase by 0.15 and 6.2 pCi/g, respectively, as compared to the typical radium-226 content

in soils of 1-2 pCUg,“’

Feaslbilty _ .

It is uncerain whether future regulations will completely preclude the agricultural uses of
phosphogypsum, or only limit when and how it may be used.!!® Since many farmers have continued 10 use
phosphogypsum despite the prospect of new regulatory prohibitions, and concerns about the radium-226 found
in phosphogypsum.}!? it is not unreasonable 10 assume that farmers would continue to use it in the future,
if it remains economically competitive. However, if it becomes pecessary to reduce the radium-226 content
before it can be used, the additional costs are likely to reduce the amount of phosphogypsum used if
purification would make phosphogypsum more expeansive than the materials it competes with.

Utilization of Phosphogypsum for Mine Flnclamatlon

Description

An slternative to the direct disposal of phospbogypsum in stacks and/or mines has been developed
in which pbosphogypsum is mixed with phosphatic clay suspeasion (2 waste stream from the deneficiation of
phosphate rock), and placed in s disposal site (genenally the phosphate mine) where it coasolidates and can
be reclaimed by planting grass and trees.!® The process begins by increasing the solids content of the
phosphatic clay suspension W0 10 perceat; a portion of the dewatered clay is pumped to the phosphoric aad
plant and mixed with pbosphogypsum from the beli-filters; the clsy-phosphogypsum mixture (blead) is put into
a blend tank and additional pbospbogypsum from the stacks and phosphatic clsy suspeasion are added until
there are sppraximately 3 parts phosphogypsum to 1 pant clay; the resulting dlead (35 perceat solids) is
pumped as 3 slurry to the disposal site; and after the biend has had sppraximately coe year 10 dewater and
consolidate, it is possible 1o piaat grass and trees 0o the surface. /& |

118 55 FR 13482 April 10, 1990,
" porsonal commusication, Dr. Gary Gescho, University of Georgis Exparimant Siaticn, April 25, 1990,

D Puimer, Joy W. snd AP. Kouhers, Sime Wage Solificuicn wih Hvarable Calchum Salfais, peper 10 be prasentad a1
the Univernity of Miami Civil Eaginseriag Department Seminar os Phosphogypeum en April 25-27, 1984, p. 279.

3! Personsl communication, Wilism A Schimming, Eaviroamental Aflsirs Masager, Tatmguif Inc., April 30, 1990.
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Feasibiiity

It is likely that this management alternative will have a greater level of social sccepuabdility than
current practices, which result in large, barren disposal areas. EPA does not believe that the rule requinng
that phosphogypsum be disposed in stacks or mines (thereby preciuding alternative uses of the material) will
preclude the use of this aiternative. since it does not involve purting the phosphogypsum-clay blend anywhere
except in stacks and mines. 130 The greatest barriers to the use of this aliernative appear 10 be geographic
and technical in nature (see the discussion on Current and Potenual Use), although there may also be some
economic barriers (€.g., Turrent pracuices are less expensive).

Utilization of Phosphogypsum in Construction Materials

Phosphogypsum can be utilized as a construction material in a variety of ways. The two major areas
of use are in building materials and Bighway construction. This section describes and evaluates applications
in both areas.

Description

Phosphogypsum has the same basic properties as natural gypsum and msy be used as a substitute for
natural gypsum in the manufacture of commercial constructon products. Approximately 70 percent of the
natural gypsum used in the US. is for the manufacture of gypsum board or partition panels. Another 19
percent is used as an additive 10 cement. Addition of natural gypsum to cement retards the setting time,
counteracts shrinkage, speeds the development of initial strength, and increases long-term streagth and
resistance to sulfate etching. The remaining 11 perceat of all satural gypsum use is attridutabdle to agricuitural
uses (7 percent) and miscellaneous uses including the manufscture of plaster and cement!®
Phosphogypsum generated from the classic Prayon process for phospboric acid production must be purified
by removing phosphates, fluorides, and other impurities for it to be successfully used in the production of
building materials or as an additive t0 cement, whereas phosphogypsum from the Central-Prayon, Nissan-H.
and Nissan-C processes may often be used directly as natursl gypsum substitutes without the need for
purification.

Phosphogypsum from all four processes may oftea be used in the manufacture of cement without
additional purification. One of the most promising processes for utilizing phosphogypsum in the manufacture
of portland cement is the OSW-Krupp process, 3 modificatios of the Moeller-Kohne process. In this process,
phosphogypsum is dried in a rotary dryer and mixed with coke, sand, asd clay. The mixture is thea ground,
pelletized, and fed 10 8 rotary kila where SO, and clinker are formed. The SO, can then de passed 10 an acid
conversion plaat 10 produce H,SO,, which may be recycied to the phosphoric acid production process. The
chnk&nsmummm‘ﬁthnutnmonwahnm(nﬁuhwanmshedcemcm
mill.

Phosphogypsum genersted from all phosphoric acid production processes may be used successfully
as a road base, whea stabilized with 5-10 percent portland cemeat Or 15-25 perceat fly ash, mixed with granular
soil and compected for secondary road coastruction, used in 8 poruand cement coacrete mixture and
compacted to0 form roller-compecied concrete for paving drivewsys aad parking aroas, or used as fill and subd-
base material

% g4 FR 51654 December 15, 1989.

Ul Chaag WF. and Murrsy L Mentall. Epgineer - 24 Costrection A
mmumuw—mmmmxmpc

m mmmuwmmw
X RhoryDsum, Peblicance No. 01002001, Flonds lastutme of Phasphaie Rasearch, Oclober

1981, pp. 18. 2.
W mid. pp. 177189
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sbove. As is discussed at the beginning of this section, EPA is curreatly considering a number of regulatory
options, two of which could conceivadly allow phosphogypsum to be utilized in construction.

If a threshold level of radium-226 is established (regulatory option (2)), it may be possidle 10 utilize
the phosphogypsum after purification (ie.. reducing the radium-226 coatent) (see section 12.5.1). Assuming
that the proposed threshold level of 10 pCi/g were adopted. and the physical separation method described in
section 12.5.1 were used 10 purify the phosphogypsum, the data displayed in Exhibits 12-7 and 12-8 suggest
that some of the phosphogypsum generated in the states of Florida, Idaho, Louisiana, Mississippi. North
Carolina, and Texas might have a radium-226 content lower than the threshold value of 10 pCi/g. However,
the availabie daia are not detsiled enough for EPA 10 estimate how much of the purified phosphogypsum
would contin less radium-226 than the threshold level, or if phosphogypsum with a sufficiently low radium-
226 concentration would be close enough to the potential markets for it 10 be economically competitive.
Similarly, if one of the acid digestion purification methods (see section 12.5.1) were used 10 purify the
phosphogypsum, the dawa in Exhibits 12-7 and 12-8 suggest that all of the phosphogypsum geaerated in the
U.S. would have radium-226 concentrations lower than the threshold level.

It is not clear whether adoption of the fourth regulatory option would preciude the use of
phosphogypsum in construction materials. It is likely that the determination of whether a particular use of
phosphogypsum is at least as protective of human health and the environment as phosphogypsum disposal in
stacks or mines, would bave to be made on a case by case basis.

Feasibllity

Even ifjt is allowed by the regulations, it is uncertain whether a significant amouat of phosphogypsum
would de utilized as s construction materisl The dasis for this conclusion is that evea defore the curreat
constraints on the gtilization of phosphogypsum were imposed, very little phospbogypsum has deea used in
CORnStrUCtion; consumer concern over indoor radon is likely to discourage the use of products made from
phosphogypsum, which may be perceived as a significant source of radon evea if purified; aatural gypsum is
readily available in most pans of the US.; and there is concern about the exposure (e.g., via leaching and
subsequeat ingestion, see section 12.3.1) of humans 10 the hazardous constitueats in phosphogypsum.

12.6 Cost and Economic impacts

Section 8002(p) of RCRA directs EPA to examine the costs of alternstive practices for the
management of the special wastes considered in this report. EPA bas respoaded 10 this requirement by
evaluating the operationsl changes that would be implied dy compliance with three different regulatory
scenarios, as described in Chapter 2. In reviewing and evaluating the Agency’s estimates of the cost and
economic impscts associsted with these changes, it is important t0 remember what the regulatory scenarios
imply, and what assumptions hsve been made in conducting the analysis.

The focus of the Subdtle C compliance sceaario is on the costs of constructing and operating
hazardous waste land disposal units. Otber important aspects of the Subtitle C system (e.g., CorTective action)
bhave not beea explicitly factored into the cost analysis. Therefore, differeaces between the costs estimated for
Subtitie C complisace and those under other scenarios (particularly Subtitie C-Minus) are less than they might
be under an alternstive set of conditions (¢.g., if most aflected facilities were a0t already subject to Sebdtitle C).
The Subtitle C-Minus scenario represents, as discassed above fa Chapesr 2, the minimum requirements that
would apply 10 any of the special wastes that are ultimately regulated as hazardous wastes; this scenario does
ot reflect any actual determinations or preliminary judgmeats coocerning the specific requiremens that would
apply to agy such wastes. Further, the Subtitle D-Plus sceaario represents ope of many possible approaches
10 8 Subtitle D program for mineral processing special wastes, and has been included in this report only for
illustrative purposes. The cost estimates provided delow for the three scenarios coasidered in this report must

be interpreted accordingly.
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hazardous process water is assumed to be used to transport the phosphogypsum to the management unit
Because phosphoric 3ad production process wastewater is 3 dilute, aqueous liquid, that is usually corrosive
and often EP toxic, the management practice of choice under Subtitie C is treatment (neutralizauon and/or
metals precipitation). The scenario examined here involves coastruction of a Subtitle C surge poad (double.
lined surface impoundment) which feeds a sysiem of concrete impoundments in which treatment is performed.
Following treatment, the effluent may be reused by the fadility (e.g., to slurry uorogypsum to the gypsum
stack or impoundment) just as it is uader curreat practice. The sludge is assumed to be non-hazardous and
is assumed to0 be disposed of in an unlined disposal impoundmeat or landfill.

Sybtitle C-Minus

Assumed practices uader Subtitle C-Minus are idegtical to those described above for the full
Subtitle C scenario, with the exception that some of the requirements for construction and operation of the
bazardous waste surge pond have beea relaxed, most notably the liner design requirements.

Subtitie D-Plus

Assumed practices under Subtitle D-Plus are identical to those described above for the Subtitle C.
Minus scenario. Geaerators of process wastewaters are assumed 10 pose eitber moderate or high risk 1o
ground water, even if, &s is true in one case in the phosphoric acid sector, the environmental conditions
indicate a low risk. Therefore, all facilities meet the same requirements under both Subtitie D-Plus and under
Subtitle C-Minus; ground-water moaitoring, 8 practice that is not required under the low risk Subtite D-plus
scenario, is assumed 10 be required in all cases.

Phosphogypsum

Subdtitte C

" Under Subtitie C standards, of bazardous waste that is mansged on-site must meet the standards
codiffed at 40 CFR Parts 264 and 265 for hazardous wasle treatment, storage, and disposal facilities. The
Ageacy has assumed that the phosphogypsum can and will be managed separately from the other special waste,
process wastewater; non-bazardous process wastewater is assumed (o be used to transport the phosphogypsum
10 the management unit. Because phasphogypsum is an inorganic solid that is transported in slurry form, the
management practice of choice under Subtitle C is surface impoundment disposal. EPA has determined that
because of Sudtitle C closure requirements, existing waste management units (gypsum stacks) would not be
permissible, because of the steep (nearly vertical) angies with which they are copstructed. Closure of such
units would require exteasive contouring and regrading (so that they could be capped effectively), such that
the total area occupied by the uait at closure would greatly excoed the space occupied during its operating life.
The scenario eamined bere involves construction of s doubdle-lined Sudtitle C surface impoundment of
significant size. The gypsum wousld be sturried to this impoundment ia much the same way as it is curreauy
slurried to gypsam stacks. Following setiling of the suspeaded phosphogypsum, the transport water would be
removed and piped back t0 the process operation for reuse, just s it 8 under curreat practice.

Subtitfe C-Minue

Two primary differences are assumed 10 exist between full Subtitle C and Subtitie C-minus. The first
is the assumption that facilities could use gypsum stacks ¥ their we & less costly than using disposal
impoundments. The second differeace is the facility-specific application of tailored requiremeaus based on
potential risk 10 groundwater at affected facilities. Under the C-Minus scesario, a3 well as the Subtitie D-Plus
scenario described below, the degree of potential risk of coataminating ground-water resources was used as
a decision criterion in determining what leve! of protection (e.g, liner and closure cap requiremests) would
be necessary to protect human bhealth and the eavironment. Ten of the 11 facilities assumed to generate



| " Exhiblt 12-9
Compllance Cost Analysis Results for Management of
Process Wastewater from Phosphoric Acld Production(®

__
ﬁ inssemantal Coots of Raguisiery Compliance
Baseline Waste
-"'z':"‘ Subtie C Subtile C-Minue Subtivle D Plue
Aanual Total Annusl | Anauel Totad Annuel Annuel Yotel Annuel
Asnusl Totad Totad Capted | Caphat Toted Caphat Caphal Totad Capital | Cophat
8 009y 8 009 008) [ (B000) | (5000 9 o00) {8 008y (8 800} | (8 000) (8 000)
I A
200 85.040 15,400 2 8.537 13,708 2058 S.434 13781 2058
[ 4 9 30213 8.0 nerr 38,708 sarr nen 38,708 S.477
200 11,000 229 401 10654 20,798 4448 10,55t 20,793 4,448
ne 18,541 80,321 7,500 14078 47,183 7.042 14072 4783 | © 1042
1 8378 16,100 2414 8162 18,022 2.24¢ $.059 15,022 220
0ne 231 s 10,283 21,000 62,058 9.260 21,080 62,058 9,260
() 6,900 10,430 2,800 0.010 17.870 2623 6.507 1578 2623
”» 4,700 12,49 1088 4504 11,003 1.640 4,402 11,043 1648
) 313 8,004 1,194 304 7,110 1,06% 2.940 7.010 1,081
208 007 10,32 2.7 o408 16,300 2,497 0,382 16,299 2,497
s 10.504 81,004’ 1624 15,633 40,047 een 15,530 48,047 ean
28 20,300 70,087 11,708 23619 78,238 11,226 25518 75,236 1,226
me s.ox 2017 3,000 .63 22,000 32 7159 22,068 329
e 7871 | 2000t 30 7.401 24.013 3,50 1.300 24013 31583
200 8,70 18,424 2499 8484 14,000 2223 8,38y 14,099 2.223
(-] 12,700 36 830 5,490 12.2% 32 3,080 12153 33,912 $.060
[~ 7] 6.008 17,902 2en 0102 16100 2,413 8,005 18,183 2.418
[ 7 ) 10710 30,137 8,302 10,097 33,262 4,963 10,094 33,262 4,903
-] 12008 37.108 8,80 1240 3435 s.126 1230 34,356 5128
688 8,300 14,950 22%2 8.000 13,452 2007 | 499 13452 2,007
209 10,108 62,100 0.27¢ 12,303 62,003 0628 17,200 57.093 863
0.007 22503 | 62629 | 101037 ] 21529 629,007 83,708 | 213967 | 620007 93,706
-7 10,716 36,508 4,050 10,244 29,908 4,482 10.15¢ 29.90% 4,082
S

(] Valuss seperted in this tsbis are those cempuied by EPA’s cost estimaiting model and are included for Blustative puiposes. The dals, sssumptions, and computstional
methede undesying 1heee velues are such thal EPA belloves that the compliance cost sstimales 1eporied here are pracise 1o wo significant Siguwes.

Fachnies ovaluated heis ae generaling potentially hazerdous waste include those for which no sampling dala exists

wonuINPOId PIoY djsoudeoud Ti sedeyd

1§-CTL



Exhibit 12-10

Compliance Cost Analysis Resuits for Management of

..32. 000000

3}5 aaaa«;aﬁgif 23

Subtitte D-Fiue

HIEEEEE

MIEESEEIE

8238 8s
| Esittaitie | s

]!! as,szgzgg ) 55

1] e

Subtitls C-Minue -

incesments} Conts of Reguistery Compliance
[

Phosphogypeum from Phosphoric Acld Production!®

metheds undedying hese vehise ase sush thet EPA belloves that the compiianse cosl estimates reported here are precies to two eignilicant figures.

"a X Y

X Y
- Veluse seperied in this tabie 00 theee samputed by EPA's soet sstimating model end ere included for lustiative purposes. The dela, sssumplions, snd computational
Fociites ovelusiod here 88 generaling potentially harardous wasls Inchude those for which no sampling dete exlste.




Process Wastewater trom Phosphoric Acld Production!®

Exhibit 12-11
Significance of Regulatory Compliance Costs for Management of
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use is in pan discretionary. and selection of types and amounts of various fertilizer types can vary. Despite
its fairly competitive position versus other world suppliers, therefore, the profit margins for phosphoric acid
and phosphate rock may often be somewhar restricted.

Throughout the 1990's, domestic production of phosphoric acid is expected to remain constant. while
foreign production is expected to increase by less than 2.5 percent per year. Both domestic and foreign
demand for phosphoric acid are expected 10 grow by less than 2.5 percent per yvear during the 1990's.

Potential for Compliance Cost Pass-Through

leor Markm There has been considerable restructuring in the phosphate industry with some
associated wage concessions. The potential for further labor concessions is not known.

Lower Prices to Suppliers. The ability 10 pass through costs 10 ipput markets is not parucularly
relevant because the major phosphoric acid producers are integrated.

Higher Prices. Higher prices are geaerally difficult to imposé except during periods of worldwide
prosperity. The price of phosphate rock and phosphoric acid depends a great deal on competition from
Morocco, the price of aliernative fertilizers, and the use of siow release fertilizers.

Evaluation of Cost/Economic Impacts

EPA believes that regulation of phosphogypsum as a hazardous waste under RCRA Subtitle C would
impose poteatially severe impacts on facilities at which this waste exhidits EP toxicity; the number of such
facilities is highly uncertin but is at Jeast one and likely to be two or three. Mitigation of the severe cost
impacts that would be experienced by the affected phosphoric acid producers under Subdtitle C would be
unlikely, because of the limited potential for compliance cost pass-through (at least 10 of the 21 active
domestic producers would experience no impacss), and the operational reality thst 3 substantial quantity
(approximately five tons) of phosphogypsum is generated for every ton of phosphoric acid produced using the
wet process. Therefore. EPA believes that regulation of phosphogypsum as 8 hazardous waste could pose 3
threat to the continued operation of any producer whose phosphogypsum tested EP toxic. Regulation under
Subtitle C-Minus would also impose significant impacts at most facilities. The prospect of regulation of
phosphogypsum under the Subtitle D-Plus sceaario examined here would be anlikely to pose a threat 0 the
continued viability of the majority of the phosphoric scid facilities. For 18 of the 21 active producers, no
significant impacts would be incurred ia managing phosphogypsum under Sabtitie D-Plus regulations. At least
three facilities, however, and one in particular, would be expected w incur significant impacts in managing
phosphogypsum evea under Subdtle D-Pius, poteatially posing s threat to the economic viability of these
facilities. One of those three facilities, however, is currently planniagionsiructing s sew stack which is
expected 10 be lined and empioy a leachate collection sysiem; estimated costs in meeting Subtitie D-Plus
requirements may therefore actually have been incurred by that facility while this report was being prepared;
in that eveat, Sadtitle D-Plus regulation would aot impose any costs or impacts on this facility.

The Agency aiso expects that reguiatioa of process wasicwaer &8 & hazardous waste under both
Subtitle C snd C-Minus regulstion could poteatially pose a threat 10 the ecomomic viadility of affected
domestc phosphoric acid producers, besed on estimated compliance cost impacts; estimated impects under
the Subtitie D-Plus sceasrio sre marginally lower. Becanse, however, all producers are expectad to be affected,
there is 8 greater potential for passing through costs to coasumers in the form of higher prices for domestically
produced acid than there would be if phosphogypsum were t0 be regulaied as a hazardous waste. Eight of the
21 facilities managing poteatially hazardous process wasiewaters are predicied 10 incar significant impacts -
under the Subtitle D-Plus scenario. The significasce of these impacts, as discussed sbove, s diminished by
the possibility of the operstors reducing waste generation or physically separating waste streams generated
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concluded in its analysis of NESHAPs for phospbogypsum stacks that this level of risk is *acceptable.’!4*
Consequently, EPA promulgated a work practice standard for radon flux from phosphogypsum stacks that the
Agency "delives existing stacks meet.. without the need for additional control technology.”'

Likeiihood That Existing Risks/Impacts Wil Continue in the
Absence of Subtitie C Regulation

At many acuve phosphoric acid production plants, current waste management practices and
environmental conditions may allow contaminant releases and risks in the future in the absence of Subtitle C
regulation. For example, the stacks and ponds are typically unlined and in the Southeast. where the
phosphoricacid industry is most heavily concentrated, and ground water occurs in relatively shaliow aquifers.
While these surficial aquifers are not typically used for drinking water purposes, they frequently are
hydraulically connected 10 aquifers or surface waters that supply drinking water. Similarly, catastrophic stack
and dike failures and long-term seepage from stacks and ponds have released process wasiewater and
phosphogypsum constituents directly from management units 10 surface waters. Therefore, environmental
releases can occur and, considering the intrinsic hazard of the wastes, significant exposures could occur if
contaminated ground water is used as a source of drinking water.

The phosphoric acid production industry recently has beea recovering from low production levels in
the mid-1980's and may continue t0 expand somewhat in the future if fertilizer use continues to grow in
response t0 increases in crop prices and planted acreage. Incresses in production would likely de provided
by increased capacity utilization at active plants (e.g., in 1988 three plants operated at utilization rates of 16
10 38 percent) and the reactivation of plants that are preseatly on standdy. Therefore, if phosphoric add
production does increase, use of existing waste mansgement units (both those at facilities evaluated in this
analysis and those at idle facilities that were not included in this analysis) would expand, potentially increasing
release poteatisl and posing greater threats to human health and the enviroameat However, given the large
quaatities of these wastes, and the ban of off-site use of phosphogypsum,' it is unlikely that these wastes
will be used or disposed in significant quantities at off-site locations in the future.

State regulation of phosphoric acid production wastes varies considerably among the seven suates in
which sctive plants are located, but requirements in most states may not be sufficient to control releases from
existing units and prevent threats to human bealth and the environment For example, relatively
comprehensive s0lid waste regulations in Louisiana s8d Florida (under development) require liners and specify
closure requirements for new and expansions of existing stacks, dut the state programs provide controls for
reieases from existing units only through requirements for ground-water monitoring and performance standards
that in some cases sliow off-site contamination. In North Carolins, phospbogypsum and process wastewater
are not defined as solid wastes, and are not subject 0 axy solid waste regulations, though discharges from
waste management units must be permitted wader the state’s EPA-spproved NPDES program. [n summary,
state regulstory controls may aot be sufficient 10 preveat releases of pbosphogypsum and process wasiewater
constitueats from existing units, and in oaly 8 fow states are regulations that specify coastruction and operation
standards in pisce or under development.

Costs and impacts of Subtitie C Reguiation

EPA has evaluated the costs and associated tmpacts of regulsting both phosphogypsum and process
wastewater from phosphoric acid productios as hazardous wastes under RCRA Subtitie C.  EPAs waste
charscrerization data indicate that phosphogypsam exhibited the hazardous waste characteristc of EP taxicity
at oaly one of the eight active facilities for which sampling data were available. EPAS data also indicate that

18 54 FR 51675. December 15, 1999.
“ g
W g
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will now be disposed on-site, regardless of the RCRA requirements that may be applied to such disposal. i.e..
regulation under Subtitle C would affect only the cosus of phosphogypsutn management. not the type(s) of
management techniques employed. Direct recycling of phospbogypsum for additional product recovery is not
a viable option. and process changes that might affect the chemical properties of the matenal as well as
purification methods have been employed with variable success. It is likely that in response to new regulatory
requirements, facility ope'r;mrs would develop and implement measures to render their phosphogvpsum non-
EP toxic. Process wastewater is currently internally recycled at all active facilities. The potential {or reducing
the amount of water used and/or significantly reducing the total quantities of corrosive or otherwise hazardous
substances currently found in process wastewater is extreruely limited. given the nature of wet process
phosphoric acid production operations.
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HYDROLOGIC IMPACTS OF PHOSPHATE
GYPSUM DISPOSAL AREAS IN CENTRAL FLORIDA

1.0 INTRODUCTION

Large quantities of phosphate rock are mined and processed
in Central Florida (Figure 1). The phosphate rock from the mines
is further processed 1in "chemical plants" to produce phosphoric
acid (Figure 2). A by-product of the processing: - of the
phosphate rock to produce fertilizer chemicals is an impure form
of gypsum referred to as phosphogypsunm. For each ton of
phosphate rock processed, approximately 1.5 tons of phosphogypsum
is produced (Figure 3). The typical method to dispose of this
by-product gypsum is to stack it in large pileg, locally referred
to as gypsum stacks or gypsum fields (Figure 4).

These gypsum stacks have been the focus of hany studies in
recent years in an attempt to identify the pofential for ground
vater and/or air pollution associated with the stacks. This
paper attempts to discuss some of the ground water impacts and

current attempts to minimize these impacts.

2.0 BACKGROUND
Initially, phosphate qhenical plants produced giamonium
superphosphate and vaste disposal vas minimal. Hovever, since
the early 1920's and 1930's when chemical plants first began to
clarify and upgrade the P205 content of the phosphoric;acid to
produce tiiple superphosphate and diamonium phosphate, the

quantities of vaste gypsum to be disposed increased

substantially. During this 30 to 40 year time period, vast
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guantities have been stored in this manner. At present there are
approximately 17 gypsum stacks/fields located in the central
‘Florida phosphate district (Figure ©5). These gypsum stacks are
not unique to central Florida and are located throughout the
United States. Anywhere phosphoric acid is produced, one of
these stacks occur. Presently there are gypsum stacks in
Louisiana, Mississippi, Missouri, Texas, North Carolina and in
many of the western states. A few of these gypsum stacks are

inactive, but most are presently being used.

3.0 GENERAL CHARACTERISTICS

As you would expect, most gypsum disposal stacks are located
as close as possible or practical to the chemical plant in order
to keep pumping costs to a minimum and often are located adjacent
to the mining area ‘Figure 6 and 7). A typical gypsum stack is
400 to 600 acres in size and has an associated cooling water pond
of approximately 250 acres in size (Figure 8). The gypsum slurry
is transported from the chemical plant to the top of the stack
using acidic process wvater. The gypsum slurry is deposited on
tﬁe top of the stack, the gypsum settles out and the process
vater 1s reused (Figure 9). The process vater used to transport
the gypsum to the top of the stack 1is recirculated to the plant
generally via the cooling water pond. This process/cooling wvater
is acidic, containing sulfuric and phosphoric acid from the
digestion of phosphate rock with sulfuric acid. !

In most cases runoff from the side slopes of the stacks is

collected in ditches surrounding the perimeter of the stacks.
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The process water is returned to the chemical plant for reuse in
unlined ditches or pipelines (Figure 10).

Typically once the stack reaches a height of 100 to 150 feet
in height, another stack is started in a new location and/or the
existing one is expanded (Figures 11 and 12). However, due to
difficulties 1in obtaining permits, some stacks recently are
proposed for helghts of up to 200 feet (Figure 13).

In the past these plant facilities were generally located in
areas avay from population centers. Hovever, in recent years,
Florida has experienced unprecedented growth and areas which wvere
once remote and removed from population centers are .now beling
surrounded as the suburbs extend out from the cities.

In the late 70's and 80's our environmental awvareness has
been increased by reported ground-water pollution. The
environmental regulatory agencies have focused on‘gypsum stacks
as a potential pollution source. As a consequence of this
interest in gypsum stacks, numerous studies have been conducted
in the recent past. These studies have been commissioned by
various industry and regqulatory interest such as the Florida
Phosphate Council, Florida Institute of Phosphate Researxch
(FIPR), the Florida Department of Environmental Regulation
(FDER), the U.S. Environmental Protection Agency (EPA) and the

various operating companies in pursuit of permits for

construction or operation of newv and existing faclilitles.
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4.0 HYDROLOGIC SETTING IN THE
CENTRAL FLORIDA AREA

The upper surficial aquifer and the floridan aquifer are the
principal ground wvater sources in central Florida (Figure 14).
In most 1nstance§ these tvo agquifers are separated by a confining
bed which may have an intermediate aquifer system. Underlying
the lower Floridan aquifer 1is another confining bed. The upper
surficial or vate{ table aquifer is principally composed of sand,
clayey sands and in some areas shell and gravel beds. |

The Floridan aquifer consists principally of porous
limestones. The confining units are generally sandy or silty
clays, clays and marls; and/or dense limestones and dolomites or
dolosilts.

The surficlal_ aquifer is unconfined and rises or falls in
response to rainfall and discharges to streams and underlying
aquifers. The wvater level of the surficial aquifer lies below
the land surface generally from about 4 to 10 feet in the area of
most of tﬁe gypsum stacks.

The wvater 1in the Floridan aquifer 1is generally confined.
Recharge to the Floridan aquifer Is principally by lateral flow,
leakage through confining beds and recharge in Karst regions of
Florida (Figure 15). Fortunately, most gypsum stacks are located
in an area of lov recharge to the Floridan aquifer. The general
natural flov of ground wvater in the central Florida phosphate
district is southvestwvard toward the Gulf of Mexico (Figure 16).
Since about 1975 the U.S. Geological Survey (USGS) has monitored

and mapped the wet and dry season potentiometric 1level of the
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Floridan aquifer. During the winter months agricultural pumpage
in south central Florida can reverse the discharge flow (Figuie
17). |
The sandy surficial sediments which comprise the wvater table
(surficial) aquifer are typlcally 5 to 50 feet in thickness
(Figure 18). These surficial sediments are underlain by 20 to 80
feet of inner-bedded phosphatic, sandy, shelly, clayey, marley
sediments that comprise the Pliocene Bone Valley formation. The
Miocene Age Hawthorn Formation wunderlies the Bone Valley
Formation. The Hawvthorn is an impﬁze marine dolomitic limestone
vhich contains varying concentrations of phosphate -and Quaztz
sands, cléy, marl and dolomite and ranges in thickness to upwvards
- 0of 100 feet. 1In many areas the lower portion is an intermediate
aquifer producing zone. Underlying the Hawthorn is the Miocene
Taﬁpa Formation. The Tampa Is similar to the Hawvthorn but
contains 1less dolomite and has more clay beds. The Tampa ranges
from a fev feet in thicknesses to upwvards of a 100 feet thick.
Portions of the upper Tampa and lowver Hawvthorn formations are the
princlipal intermediate aquifer systems. Underlying the Tampa is
a thick sequence of 0Oligocene to Eocene aged limestones. These
limestones are hundzeds of feet in thickness and comprise the

principal Floridan aquifer. Granular evaporites generally

underlie the Floridan aquifer.
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5.0 RESULTS OF PREVIOUS STUDIES

The most widely published and easily available studies for
review are those vhich vere conducted by the USGS beginning in
late 1978 and published in 1984. The data were 1initially
published in 1582 and the evaluation of the data being made
avajilable approximately 2 years later.. As a result of monitoring
the ground water around these stacks, FDER has noéed ground wvater
violations at many sites as noted in Table 1 and Figure 19.

Recently the USEPA has distr;buted a Preliminary Draft EIS
Supplement to the Central Florida Phosphate area wide EIS. This
preliminary draft EIS addresses gypsum disposal systems.

Most studies including the USEPA Draft EIS have indicated
that the surficial ground vater impacts are generally restrained
to an area within 500 to 1500 feet of the gypsum stack (Figures

20, 21 and Table 2). In some cases the intermediate aquifer has

been slightly impacted.
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6.0 WATER CHARACTERISTICS

The processed water from the chemical plants which is used
to slurry the gypsum to the disposal area is highly acidic (ph of
1.4 to 1.8) and has a high dissolved-solids concentration at
about 28,000 parts per million (ppm). The predominant
contaminants are sodium, phosphate, fluosilicates, hydrogen and

sulfate (Table 3).

Native ground wvater has a dissolved-solids concentration of
approximately 500 parts per million with a ph vhich is generally
less than 7.0.

Migration of radionuclides, fluosilicates, phosphates and
trace metals are easily pégcipitated as the acid“is neutralized
by the carbonate in aquifer fabrics.

Recent monitoring data for some operating plants indicates
the chemical front is slowly creeping out from the field as the
"carrying or absorptive properties" of the aquifer fabric is
reached. As a result of the 1increasing chemical fronts,
regulatory agency personnel are putting increasing pressure on

the operators to contain/prevent the leaking of process vater

from the gypsum stacks.

7.0 APPROACHES TO DEAL WITH THE POTENTIAL

EOR GROUND WATER CONTAMINATION IN
GYPSUM DISPOSAL FIELDS

In the past, the gypsum disposal fields were constructed
either on natural unmined land or in many cases they wvere
constructed directly in the mined 1lands associated vith the

phosphate mining process. This meant that the gypsum was
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deposited directly upon the existing land surface or on the top
of the Hawthorn Formation (Figure 22). However, during the past
10 to 15 years, several approaches have been taken to locate the
stacks in areas 'whiich would alleviate the potential for ground
vater contamination or to c¢onstruct the stacks in such a wvay as
to reduce or -eliminate the potential for ground water
contamination. 1Initially, to protect the surface water ditches
were dug around the stacks to collect the runoff and seepage from
the side slopes of the stacks. This wvas effective to collect the
surface wvater runoff from the gypsum disposal areas.

In the early 80's attempts wvere made to site stacks in areas
vhere naturally occurring thick clays could be used as a natural .
liner (Fligure 23;. In some areas of fhe central Florida
district, the Hawthorn Formation i{is very impermeable and is quite
thick. In the early 80's USS Agri-Chemicals used a modification
of this approach 1In an area wvhere the Hawthorn was very
impermeable and vaste clays existed (Figure 24). 1In addition, a
ditch wvas dug around the stack to prevent laieral migration of
leachate (Flgure 25). Howvever the water level in the ditch had
to be carefully controlled to prevént migration of contaminated
ground vwvater from the stack into the surrounding surficial
aquifer.

In the mid 80's Gardinier proposed an extensive system
consisting of a compacted clay 1liner and underdrains overlying a
thick sequence (15-20') of naturally occurring Hawthorn clays in
their permit application for a new gypsum stack. This was a very

‘elaborate system of underdrains, 1liners, slurry walls, etc.
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(Figures 26, 27 and 28). Due to the Gardinier Chemical Plant's
location on the Tampa Bay and proximity to nearby population
centers, these measures vere required to insure that the stack
wvould be permitted aﬁd that the ground water would be protected.
More recently, IMC Fertilizer (IMCF) has proposed to construct a
nev gypsum disposal stack. Initially IMCF proposed nmore
conventional stack construction techniques where the stack would
be built directly upon the Hawvthorn formation in a mined out
area. Recently, due to increasing pressure from the regulatory
agencies they have reviseq their plans and proposed to install.a
synthetic liner beneath the stack and a slurry cutoff wall along
portions of the cooling vater pond (Figures 29, 30 and 31). The
FDER 1is presently considering that all newv gypsum stacks

constructed in Florida will require a liner to protect the ground

wvater.

8.0 SUMMARY

In summary, recent studies have indicated that there are
some potential ground water impacts associated with phosphogypsum
disposal areas in Florida. Most of these studies have indicated
that the lateral ground vater impacts to the surfictfal aquifer
system extend beyond the existing non-lined gypsum disposal
stacks for a distance of approximately 1500 feet. In some cases
contamination has been reported in the intermediate aquifer
sysfem. The various regulatory agencies including USEPA, FDER
to

and various state and 1local governments have continued

increase the pressure for permit applicants to design gypsun
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stacks which will protect the groundwaters of the state. 1In the
past ten (10) years.gypsum stacks have been designed and sited so
as to use the natural confining layers and buffering sediments
which occur in Florida; designed artificial compacted clay liners
and slurry walls; and more recently recommended synthetic
membranes overlying the nqtuzal confining carbonate sediﬁents to
mitigate and control the 1eachaté.from gypsum disposal systems.
The proposed phosphate area wide draft EIS is proposing even more
stringent conditions upon siting of gypsum disposal flelds and
recommending closure procedures for existing stacks. The results
of ground wvater monitoring for these newly proposed stacks once
constructed vill be used to determine the next generation of

controls and constraints which will be applied to gypsum stack

permit conditions.

TMG\GYPSUM.PPR



TABLE 1

REGULATORY STATUS OF PHOSPHOGYPSUM STACKS

[NTERUEDIATE OR SURFIGAL AQUIFER EXPANSION PERMIT |
ENFORCEMENT{ POTABLE APPLICATION EXTENDED
ACTVE INACTIVE  {pausaRY AND| SECONDARY [PRIMARY AND| SECONDARY ACTION  [WELLS WITHIN ZONE OF
SECONDARY | VIOLATIONS | SECONDARY | VOLATIONS | INITATED | 1/2 MILE ISSUED | WITHORAWN | DISCHARGE
FACILITY NAME VIOLATION ONLY VIOLATION ONLY
C.F. INDUSTRIES X X X
CENTRAL PHOSPHATES X X X X X X
CONSERVE X X X X
FARMLAND INDUSTRIES X X X X
CARDINIER X X
ACRICO CHEMICAL X X X X
AMERICAN CYNAMID X X
IMC NEW WALES X X
ROYSTER, PINEY POINT| X X
SEMINOLE FERTILIZER X X X X X
USSAC, BARTOW X . X X
USSAC, FORT MEADE X x X
ES:TEW X X
MQ—!\ X X
ncgvsm. MULBERRY X X X

DRWG: CFRPOCHT

SOURCE: USEPA DRAFT CENTRAL FLORIDA PHOSPHATE AREA WIDE €IS SUPPLEMENT.




DRINKING WATER STANDARDS:

TABLE 2

DISTANCE TO EXCEEDANCE OF LIMITATION

Approximate
Drinking Limitation Exceedance Distance

Constituent Water Standards mg/1 Royster WR Grace Conserv USSAC
Silver (ag) Primary 0.05 503f 100? \ 8Oab 502
Arsenic (As) Primary 0.05 200b 300e 500 B 800°
Chromium (Cr) Primary 0.05 300f 600 1209 400f
Cadmium (Cd) Primary 0.01 200 600: 850 1050¢
Lead (Pb) Primary 0.05 50a lOOa 300° 502
Fluoride (F) Primary 1.6 50 100 802 —_——
Selenfum (Se) Primary 0.01 50? £ 100: soad 502
Iron (Fe) Secondary 0.3 1009 6ood SBOd 1800°
Sulfate (SO,) Secondary 250 800 £ 600d saod 1800°
Total Dissoived Secondary 500 1000 600 580 1800
Solid (TDS) . d g
Manganese (Mn) Secondary 0.05 1100 600 580 1800°

3concentration below DWS within given distance

bDistance determined by applying linear regression to all downgradient wells

“Distance determined by applying linear 1nterpoiation between downgradient wells

dElevated concentration above DWS at most distant monitoring well

eConcentration:slightly above DWS and probably exceeds beyond given distance

fDistance estimated using water quality data and distribution of monitoring wells

""TInsufficient data

Source: USEPA Draft Phosphate Areawide EIS Supplement
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TABLE- 3
CHEMICAL AND RADIOLOGICAL COMPOSITION OF TYPICAL PHOSPHATE CHEMICAL PLANT POND WATER

MCL Pond Water
e MISCELLANEQUS PARAMETERS '
Sampling Date ' 04-03-87 09-18-87
pH >6.8 . 1.4 R X
Specifie Conductance, ymhos/em ns 26,700 - 31,000
Color, cobalt units 15 1,000 , x
Odor, TON 3 40 x
Turbidity, NTQ 1 29.3" x
Corvosivity, Langelier Index =0.2 to +0.2 -7.6 E
Surfactant, mg/t LAS 0.5 <0.08 x
Acidity, as CICO: ns 40,000 . 38,830
Total Hardness, as CaCOy as 3,622 x
e MAJOR CONSTITUENTS (ng/0
Total Dissoived Sollds sa0 38,350 43,293
Sulfate, SO P) 230 $,728 4,218
Flyoeide, F 4.0 9,400, 9,000
Orthophasphate, PO‘ as P as §,500 6,900
Chloride, C1 150 118 159
Jodide, { ns 18.8 x
Sulfide, S ns .08 x
Nitrogen . . .
Nitrate, NOy as N 10.0 <0.1¢ x
Orgaale, as ?4 as . 7 x
Ammonla, NH; as N as 1,421 1,108
Caklum, Ca as 1,248 - 1,076
Magnesium, Mg ns 279 300
Potassium, K ns 292 m
Sodium, Na 1€8 2,020 2,210
Silica, Si0, as 4,452 5,318
e TRACE METALS (mgN) .
Aluminum, Al ns 228 13
Antimony, S T as 136 4
Arsenle, As 0.03 o1z 033
Barjum, Ba 1.0 0.6 x
Becyllium, Be as 0.10 x
Cadmium, C4 e.010 a.4t x
Copper, Cu 1.0 0.28 x
Chromium, Ce ¢.08 ' 1.52 4
Cyaaide, CN . as «<0,008 . .
tron, Fe - | 1303 . 382
Lesd, P . 0.08 0.1$ x
Manganese, Ma 8.03 14 x
Mereury, Hg 0.8012 <0.00'¢2 3
Nickel, Ni ns © 1.40 x
Selesum, Se¢ 0.01 0.00¢ x
Sliver, Ag 0.03 4.06 0.0¢
Thallum, T1 ns 0.63 x
dne, 2a 5.0 479 x
e ORGANIC COMPOUNDS (mg/D)
Total Organic Carbon, TOC as 200 x
Phenol ns o.16 x
Total Trihalomethane, TTHM 0.10 «<.00¢ x
e RADIONOUCUDES (CiN
Cross Alpha Particle Actlvity s z.su.!su x
Redium 226 : €7.9-10.2 x
Redium 228 ${Combined) 2.1%0.3 «

P —
x: Pacameter not meeasured,
ns: Not specified.

MCL: Scction 17-22.210 and 17-22.220 FAC Meximum Contaminant Level.

_f
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DRWG: CFRPBLCP

FIGURE 5
LOCATION OF CHEMICAL PLANTS

IN THE CENTRAL FLORIDA PHOSPHATE DISTRICT

AND GYPSUM STACKS
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DRWG: CFKRPIRSS

- FIGUKE 1Y

REGULATORY STATUS OF GYPSUM STACKS
IN CENTRAL FLORIDA PHOSPHATE DISTRICT
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Vol. 17 PHOSPHORIC ACIDS AND PHOSPHATES a1

direct methods of flame spectroscopy are used for low concentrations of phosphorus.
Fluorometry, spark-source mass spectroscopy, infrared spectroscopy. electron spec-
troscopy. and nuclear magnetic resonance spectroscopy have also been emploved (see

Analvtical methods).

Environmental Considerations

Inorganic phosphates present no hazard to humans and are esséntial to life pro-
cesses. However. phosphorus creates environmental problems. mainly because its
availability increases the growth of algae in many lakes. In recent years. considerable
controversy has centered upon the contribution of phosphate-built detergents to ex-
cessive algae growth and subsequent eutrophication of natural receiving waters.
Minnesota. Wisconsin. Michigan, Indiana, New York, Vermont, and Akron, Ohio.
Chicago. Ill.. and Dade Co., Fla.. have legislated against the use of phosphorus in de-
tergents, resulting in a patchwork of restrictions. No two sets of regulations are exactly
alike: some restrict only home laundry detergents, others cover a range of household
and commercial cleaning products.

Problems apparently caused by sewage-borne phosphates are mostly localized
to areas that have traditionally employed lakes as receiving waters for sewage effluents.
Average phosphorus concentrations vary in municipal sewage for several reasons,
including industrial waste input. storm waters. seasonal fluctuations, and daily living-
habit cvcles. Extreme values range between 3 and 15 mg/L (typical 5-9). The chemical
form of phosphorus in waste varies, including soluble orthophosphates, condensed
phosphates. insoluble salts. and numerous forms of organic phosphorus. Activated-
sludge treatment considerably reduces the condensed phosphates to orthophosphates.
Thus, the principal inorganic phosphorus input to receiving waters via sewage effluent
is orthophosphate. It is believed that much of this is precipitated as inactive phos-
phorus, which is trapped in sediments where it is ultimately converted to an apa-
tite.

The growth of algal nuisance blooms is complex and appears to involve a symbiotic
relationship between algae and bacteria. Sewage effluent, treated or raw, provides an
excellent growth medium for both organisms. There is little doubt that phosphorus
is one of the nutrients supplied. It is open to question, however, as to whether a banning
of phosphate detergents and cleaners sufficiently reduces phosphorus input to the
very low levels needed to control algal growth when, in fact, natural wastes and fer-
tilizers provide most of the phosphorus input to receiving waters. A more logical, but
more costly, approach is phosphorus removal during sewage treatment.

Investigation of the effects of phosphorus on the environment is in its initial stage;
the issue is further complicated by the lack of an adequate data base. Mankind cannot
prohibit phosphorus, as it is an essential part of the natural order of the world. How-
ever. it has to be controlled when necessary. The simplistic approach of legislating
detergent phosphates, although helpful in some isolated cases, does not accomplish
this goal. An excellent review of this area is available (10).

BIBLUOGRAPHY

*Phosphoric Acids and Phosphates™ in ECT lsted., Vol. 10, pp. 403-441, by John R. Van Wazer, Monsanto
Chemical Company; ECT 2nd ed., Vol. 15, pp. 234-276, by John R. Van Wazer, Monaanto Company.
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PERMIT/CERTIFICATIO»
eI - h;{ID ‘Number: . 4041P2000
i G..Cladakis - ."»'* Permit No.: 1041-12 06
- Senior Vice-President -~ Expiration Date: Mayf)
CONSOLIDATED MINERALS, INC. County: Manatee '

N Post Office.Box 908 Latitude: 27° 37' 24" -
Palmetto, FL 33561 Longitude: 82° 31°' s4% '+ = C¥ESIA
. Project: Phosphatic Fertilizer.,; L
Plant Wastewater el

Treatment and Dischatge

This permit is issued under the provisions of Chapter 403,
Florida Statutes, and Florida Administrative Code Rules 17-3,
17-4 & 17-6. The above named permittee is hereby authorized to
perform the work or operate the facility shown on the e
application and approved drawing(s), plans, and otbez'/
documents, attached hereto or on file with the department and
made a part hereof and specifically described as fexlows:

' / : .
The facility consists of phosphoric acid, sulfuric acid and
diammonium phosphate plants. Calcium sulfate, which is
generated as a by-product in the phosphoric acid productioan
process, is stored at the site. The calcium sulfate transport
water and scrubber water from the phosphoric acid and
diammonium phosphate plants make up the process wastewater.
This stream is ponded and, to the extent possible, reused.
Contaminated non-process wastewater is discharged through
Outfalls 001 and 002 and the process water which cannot be
recycled is treated and discharged through Outfall 003.
Process wastewater treatment consists of double-liming and
further steps for which confidentiality has been claimed in
accordance with Section 403.111, Florida Statutes. Outfalls
001 and 003 discharge to Buckeye Road drainage ditch, which
becomes confluent with a southerly flowing railroad drainage
ditch, which ultimately discharges into Bishop Harbor, which
flows into Tampa Bay. Outfall 002 discharges to a drainage
ditch and thence to Piney Point Creek, which empties into Tampa
Bay. The groundwater monitoring requirements of Section
17-4.245 of the Florida Administrative Code (F.A.C.) are
addressed in this permit.

Location: 1Immediately east of U.S. Highway 41 and approximately
six (6) miles north of Palmetto, Manatee County, Florida.

Replaces Permit No.: 1T41-85866B
DER Form 17-1.201(5) Page 1 of 13.

Protecting Florida and Your Quality of Life




" Mr.: John G. cng;:ipg File N‘ 1- 129068
CONSQOLIDATED MI p C. Page 2 .

. When the o:der»(Permit) is. £inal, anygpa:tyltow he C?’Pﬁ haghl
the . right to seek.judicialdrevingof Athe: et A
Section 120.68,. Floridadstatutes;<by iﬂ? I RioR e ~
Appeal pursuantitorRule-9. 110‘HFloridgiRule X 5:¢*¢b-¢~
Procedure, with*the¥Clerk:of*theiDepartmen ’;-.;\b i o
General Counsel, 2600 Blair StoneiRoad,::Ta a n:r\? AN
32399-2400; and by £iling-a copy ofsthe-Notice o -)
accompanied by the applicable- filinq *feesewi .
appropriate District Court of Appeal. The: Notic o-_r--..”-:;
must be filed within 30 days from the date,thegF
filed with the Clerk of the Department. . ¥

Executed in Tampa, Florida.

Sincerely,

M‘\’V 8 (,.)M ‘-;.-': R -
Henry B. Dominick ~"'*¢fﬁ1‘

Permitting Engineer
Industrial Waste Program

HBD/aa
Attachment: As stated

cc: W. L. Priesmeyer, MCHD
Southwest District Groundwater

CERTIFICATE OF SERVICE

This is to certify that this NOTICE OF PERMIT and all copies were
mailed before the close of business on May 15, 1987 to
the listed persons.

FILING AND ACKNOWLEDGEMENT
FILED, on this date, pursuant
to Section 120.52(10), Florida
Statutes, with the designated
Department Clerk, receipt of
which is hereby acknowledged.

05/15/87
Cler Date
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A BUBEKOALTY OF AMA
P.O. BOX BOB * PALMETTD, FLORIDA REFERENCE 15

387
SOUTH V/ZST DISTRICT

February 25, 1
%‘»’“ o ““”

Mr. Dale Twachtmann

Secretary : | 1;1¢7

Florida Department of

Environmental Regulation
.Twin Towers Building £2éé JC“’

2600 Blair Stone Road 3/(0

Tallahassee, PL 32301

RE: Request for Conductivity Variance
AMAX Chemical Corporation, Piney Point Complex
Industrial Wastewater Permit

Dear Mr. Twachtmann:

AMAX Chemical Corporation is currently operating its industrial wastewater
system under temporary operating permit number IT41-85866 B which expires
March 4, 1987. Application for an operating permit was filed on January
2, 1987. Included in the existing permit is a variance for specific
conductivity, granted for Outfall 003 under DER Pile No. VE-41-181 which
expires April 25, 1987. AMAX Chemical Corporation is hereby applying
for a renewal for Specific Conductivity at Outfall 003.

AMAX's Piney Point Complex is located in the northwest section of Manatee
County, approximately one-quarter mile inland from Tampa Bay. The Complex
has three surface water outfalls; two are non-process discharges (001
and 002) and the third (003) discharges treated process water. One
non~process outfall (002) flows northward into Cockroach Bay, a saltwater
estuary, while the other non-process cutfall (00l) and the treated process
water outfall (003) flow southward into the marine waters of Bishop

Barbor.

The receiving water for the south surface outfalls (001 and 003) is
a man-made roadside drainage ditch that flows initially westward for
approximately 600 meters below the AMAX outfalls and turns south in
a railroad drainage ditch for approximately 1900 meters where it enters
Bishop Harbor. This salt water body is typical of Plorida marine waters
and has conductivity values well in excess of AMAX's effluent.



Mr. Dale Twachtmann

Secretary

Plorida Department of
Environmental Regulation

Pebruary 25, 1987

Page Two
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AMAX requests that the Department grant a variance from the requirements
of 17-3.06(2)(o), Florida Administrative Code and 403.201, Florida Stat-
utes, to allow the discharge of water with higher conductivity than
allowed by the Water Quality Standards established for Class III waters
of the State. Paragraph 17-3.061(2)(o) P.A.C. states: "Specific Conduct-
ance =-- shall not be increased more than 1l00% above background levels
or to a maximum level of 500 micromhos per centimeter in surface waters
in which the specific conductance of the water at the surface is less
than 500 micromhos per centimeter; and shall not be increased more than
508 above background level or to a maximum level of 5,000 micromhos
per centimeter in surface waters in which the specific conductance of
the water at the surface is equal to or greater than 500 micromhos par
centimeter but less than 5,000 micromhos per centimeter."

The background specific conductance of the receiving water, based on
an average of maximum values over the past eleven (ll) months, is 1,468
micromhos per centimeter. The specific conductance of the treated process
water discharge is approximately 4,400 (average) and 5,500 (maximum)
micromhos per centimeter. .

Approximately 2,500 meters downstream the receiving body mixes with
the salt waters of Bishop Harbor. Although we have not performed recent
studies on conductivity values in Bishop Harbor, it is a well known
fact that salt water values are considerably higher than found in the
AMAX discharge waters. Work carried out by the company in 1983 and
1984 found that specific conductance values in Bishop Harbor varied
between 10,000 and 40,000 micromhos per centimeter approximately 2,500
meters downstream from the AMAX discharge. It is not believed that
AMAX's discharge will significantly affect the naturally occurring high
specific conductance values in Bishop Harbor. AMAX employs double-lime
treatment and an ammonia removal process prior to discharging treated
process water. There appears to be no economical method for further
reducing the specific conductance of the treated process water effluent.

Anticipating additional questions AMAX offers the following 403.201
Plorida Statute response:



Mr. Dale Twachtmann
Secretary
Florida Department of

Environmental Regulatioﬂ

Pebruary 25, 1987
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We believe that this variance request is made pursuant to Chapter
403.201(1)(a) and (c). There is no practicable means known or
available for adequate control of the pollution involved. As impor-
tant, however, even if such means existed, is the fact that it
would be impractical from both economic and ' environmental standpoints
to reduce the specific conductance in the discharge to within allow-
able 1limits in the receiving body of water because within 2,500
meters, it enters Bishop Rarbor where specific conductance values
range from 10,000 to 40,000 micromhos per centimeter. The effluent
flow route is described above. Thus, even if practicable water
treatment technology becomes available to reduce the specific con-
ductance of the effluent, no environmental improvement would result
from the company installing such treatment technology.

AMAX investigated water treatment alternatives to reduce the levels
of conductivity in the treated process water discharge in 1984
which included ion~-exchange, reverse osmogis, dilution and other
treatment technologies. WNone of the technologies available could
be practically applied. Additionally, current ingquiries have re-
vealed no breakthrough techniques. AMAX believes that this explana-
tion supports the applicability of sub-paragraphs (a) and (c).

AMAX regquests a long term variance (at least life of permit) sup-
ported by the following.

a. This ditch/canal system used to transport the effluent from
the NPDES outfalls to Bishop Harbor is not a natural system
containing high levels of habitat diversity. These waterways
ware built to drain Buckeye Road, U.S. Highway 41, a railrocad
line, and agricultural fields used for pasture, sod growing,
tomatoes, ornamentals and citrus. Flow upstream of AMAX's
outfalls contains elevated levels of conductivity when irriga-
tion runoff or rainfall triggers a flow event.

b. No adverse effects will result in the Bishop Harbor ecosystem
as a result of AMAX's effluent as it already. contains naturally
occurring elevated levels of specific conductance.
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Dale Twachtmann

Secretary

Plorida Department of
BEnvironmental Regulation

Pebruary 25, 1987

Page Pour

c. Current technology to reduce specific conductance levels in
the effluent is not practicable. Even if such technology
becomes available, the need to reduce specific conductance
levels is not appropriate because AMAX's effluent contains
insignificant levels when compared to water in Bishop Harbor.

What level of specific conductance cgn be met in the treated process
water discharge?

Untreated process water has conductivity values of approximately
9,000 micromhos per centimeter. Double-lime treated process water
typically contains less than 6,000 micromhos per centimeter. AMAX's
experience utilizing its proprietary tertiary treatment system
ranged from 3,700 to 5,500 micromhos per centimeter. During thias
entire period of data collection the production facilities have
been shut down. Allowing for variation during normal operation
continues .to suggest a level of 6,000 micromhos per centimeter
as 2 reasonable level of specific conductance. ’

Thus, we believe the variance should be issued authorizing the
release of treated process water less than 6,000 micromhos per
centimeter.

17-103.100 Response:

addressed above
addressed above
addressed above
addressed above

addressed above

f. and ¢g. require a discussion of the social, economic and environmental

impacts on the company, residents of the area and of the state
if the variance is granted or if the variance is denied. The
following addresses these issues:
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Social Impacts: The ditch/canal system functions principally to drain
land in support of agricultural, transportation, and manufacturing activ-
ities. Pishing and other recreational uses have not been observed by
AMAX in the ditch system because most residents choose to do so either
in larger freshwater streams where flow is continuous or in Bishop Harbor
where no environmental impacts will be caused by issuance of the variance.
Thus, AMAX cannot identify any significant social impacts upon area
residents or the state caused by issuance of the variance.

Denial of the variance also would have limited potential impacts upon
residents of the area and the state. As described above, denial of
the variance would not result in an ecosystem capable of supporting
commercial or recreational uses of the ditch/canal system which are
not present currently. Because Bishop Harbor will not be impacted by
Department action upon AMAX's request, denial of the variance would
have no favorable social consequences upon residents of the area or
the state. .

Economic Impacts: The principle impact of the Department's decision
is economic. Due to the environmental characteristics of the ditch/canal
system and Bishop Harbor, a requirement to soften the effluent (should
the variance be denied) will impose an unnecessary, multi-million dollar
hardship on a facility that has not produced for economic reasons since
January, 1985. Denial of the variance will not create an ecosystem
capable of generatinz economic zaine “o offse+ AMAZ's hardshir.

Environmental Impacts: AMAX believes denial of the variance, independent
of the question of available treatment technology, would not produce
significant environmental benefits because the receiving " ditch/canal
system is man-made, intermittent, of low ecological diversity, and con-
tains elevated conductivity values due to upstream activities as well
as tidal effects in the ditch/canal.

Once AMAX's effluent reaches Bishop Harbor, approximately 2,500 meters
downstream of AMAX's NPDES outfalls, no environmental benefits would
accrue from denial of the variance because the marine waters of Bishop
Barbor contain specific conductance lavels far greazer than AMAX'S afflu-
ent, Thas, 4he ex7izcmz=encal zanefics 2f Zenial sre liniceld <o =he
2,500 meters of ditch/canal system constructed to drain runoff from
agricultural lands, highways, and a railroad. It is difficult to identify
meaningful environmental benefits in this case.
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Issuance of the wvariance will result in the conductivity of the canal/
ditch system to increase somewhat for 2,500 meters of its length, where
mixing with water from Bishop Harbor will cause the conductivity levels
to rise to 40,000 micromhos per centimeter. Because it is highly unlikely
that aquatic organisms in the canal system are not acclimated to marine
waters, issuance of the variance should not adversely affect the aquatic

diversity.

The probability of any reduction in diversity is also slight because
intermittent flow in the system has already prevented the development
of a highly diverse natural ecosystem. Equally important is the system's
history of receiving agricultural and highway runoff containing elevated

levels of conductivity.
»

Thus, AMAX believes environmental impacts from issuance of the variance
will be limited to theoretical discussions yhich will be unsupportable
by field evidence.

We feel the evidence strongly supports the extension of our request
for extending, long term, a variance for specific conductance. If you
have any questions, please let me know. Your prompt consideration is

appreciated.

Yours very truly,

Fon d (Lolikin

John G. Cladakis
Senior Vice President and
Operations Manager

1j

cc: Mr. Peter McGarry, EPA
Mr. William Priesmeyer, Manatee COfggx
Dr. Richard Garrity, D.E.R., Tampa
Mr. Larry Schwartz, D.E.R., Tallahassee
Mr. Bruce V. Galloway, AMAX
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PART IIL - INDUSTRIAL : ' "L- "~7 ‘RZAI“En"  DCESS

A, General
1. Type of Industry _Phosphate Fe R S
2. SIC Code ___2874 - e m—
A N J1fur, Water

3. Raw Materials and Chesicals Used _
Anhydrous Ammonia
e —

2000 tons/day sulfuric acid; 542 tons/day 100% 97!37-=
tons/dey, lbs/day, etc.

'A. Production Rate

750 tons/day DAP
24 hours per day/7 days per week/52 weeks ver year

hes./day, days/week
Not Applicable

* 5. Normal Operation

. If opercstion is sessonal, explain

8. Oescribe wastewster trestamsnt process and identify trestment units. o

003 - The effluent receives two-stage lime treatmrent for removal of---
fluorides and phosphates. The alkaline effuent is clarified, ammonia
is removed and then acidulated ¢e near neutral pH and discharged.

C. List sludge ot slurry treataesnt units,

(Not applicable)

0. Oescribe volume, composition snd disposal 3ethod of sludge. [dentify locntion(l)§6f
uitisste dispasal, .- . .
The two-stage treatment process generates sludge consisting of calcium
fluoride and calcium phosphate. Volume is a function of ‘the need for
treatment and discharge of effluent. Sludges are disposed of in the

gypsum disposal area.

€. Method(s) ind Location(s) of Flow Messuresent,
Non-process outfalls 001 and 002, as well as the treated process water
outfall 003 have 90 degree v-notch weirs and continuous flow analyzers.

F. Oescribde practices to be followed to ensure adequate wasts treatment during emergene
cies such a8 power loss and equipment fgilures causing shut down of pallution adbate-
Bent equipmsent of the proposed/permitted fscilities.

Both the two-stage liming process and the acidulation process have
malfunction alarms. These alarms are designed to alert plant personnel
to malfunctions or failures in the system. Power failure systems will

rely on battery backup for power.

G. Laboratary: List tests for which equipmsent/cnesicsals are provided, or contrtact lapo-
ratory to perfora anslysis. . :
p,F,pH,N, and suspended solids. The parameters are analyzed in accorda
with EPA approved methods. When it is necessary to analyze parameters

beyond the capabilityofthe on-site laboratory, either a Company lab at
OER Fora 17-1.204(2) another location or a certified commercial laboratory is

£ffective November 30, 1982 Page 4 of 9 utilized.

*Due to economic considerations, this.facility was shut down in
January, 1985 and has not operated since that time. (12/86)




PART ¥ - EFFLUENT DISPOSAL

{f offluent i3 discharged to surface watasrs, coaplets the following for eacn dis-
chsrge point,

1. Immediate receiving body of water (RBW):

a. Nane Buckeve Road Drainage Ditch

B. Type of receiving water: ([X] Fresh [ ] Selt or breckisn

 ———
e

(X] Orainaqe Oitehn L
( ] Canal {
{ ] Ceoox {
[ ] River C
[ ] othee (Specify)

] Landlocked Lake

] Lake with Qutfell
] Tidel Estuscey

] Qcean o Gul?

e. Classification of receiving watsr (in accocrdance with Rule 17.3),Class III

d. Minimus 7-day l0 yesr low flaw of the RBW at the discharge point (if appra-

Priste): Not Available
cfs

e. ldentify and describe the flow of efflyent from the point of discharge ts a
major dody of water. A suitadbly marksd map or aerial photagraph aay be usad.

Discharge flows into Buckeye Road Drainage Ditch

. westward to southerly flowing railroad drainage di

which ultimately discharges into Bishov Harbor

hich flows lnto Tan a Bay.
Latitude 27 ¢ 37 2% Longitude 81 + 5

2. Qutfsll [nformatian:

a. DOlscharge location:

b. DOesign configuratlion and caonstruction materigls:

Effluent discharges from an underground concrete plpe into
_rectangular concrete snillwav equippedwith a 90° V-notch weir.

¢. Oistance from shares Not Apnlicable
90 Degree V-Notch Weir

d., QOiaseter:

¢. Elevation of discharge invert: Not Applicable NS{
2" - 20" (Est) = ws_

f. Receiving water bottos depth at point of discharge:

3. Do you tequest & mixing zone (refer to Fla. Admin, Code Rule 17-4.244)7 If yes,
for wnat pltlltl.fl or pollutants?
Current circumstances do not dictate the need for a mixing zone.
Should future operations develop the need for a mixing zone, a
request will be made at that time.
If effluent is discharged to groundwater, complets the following: Not Applicable

1. Dispasal 7ethod: ( ] Slaw Rate { ] Percolation/Evaporstion Pond
{ ] Rapid Rats { ] Combination (specafy)
( ] Overlana Flow { ] Other (soecify)
{ ] Absorption Field

*See attached Copy of USGS Map. Discharge flows west in Buckeye
Road drainage ditch to railroad ditch where it flows southward

5ER Form 17-1.204(2) into Bishop Harbor which flows into Tampa Bay.
€ffective Noveaber )0, 1982 Page § of 9
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This soll survey is a publication of the National Cooperative Soil Survey, a
joint effort of the United States Department of Agricuiture and other federal
agencies. state agencies inciuding the Agricultural Experiment Stations, and
local agencies. The Soil Conservation Service has leadership for the federal
part of the National Cooperative Soil Survey. In line with Department of
Agricutture policies, benefits of this program are available to all. regardless of
race. color, nationaf origin, sex. religion, marital status. or age.

Major fieldwork for this soil survey was done prior to November 1952, when
the soil survey program was administered by the Bureau of Plant Industry,

Soils. and Agricultural Engineering, Agricultural Research Administration. The
first soil survey of Manatee County was issued in December 1958. In 1980, the
soils were recorrelated. and data were revised and updated for this soil survey.
Unless otherwise indicated. statements in this publication refer to conditions in
the survey area in 1980. This survey was made cooperatively by the Soll
Conservation Service and.the University of Florida, Institute of Food and
Agricultural Sciences. Agricultural Experiment Stations and Soil Science
Department, and the Florida Department of Agriculture and Consumer Services. It
is part of the technical assistance furnished to the Manatee River Soil and Water
Conservation District. The Manatee County Board of Commissioners contributed
financially to this soil survey.

Soil maps in this survey may be copied without permission. Enlargement of
these maps. however, could cause misunderstanding of the detail of mapping.
It enlarged, maps do not show the small areas of contrasting soils that could
have been shown at a larger scale.

Cover: Many of the soils in Manatee County are used for crop production.
The main crops are citrus and tomatoes.
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these soils have a spodic horizon. EauGallie, Myakka,
Wabasso, and Wauchula soils are poorly drained, and
Pomelio soils are moderately well drained. Cassia,
Pomelio, and Zolfo soils have a spodic horizon and are
sandy to a depth of 80 inches or more. ~

Typical pedon of Braden fine sand, in woodiand, about
2 miles southwest of Lorraine and three-fourths of a mile
south of Florida Highway 70, NW1/4SW1/4 sec. 21, T.
35S.,R.19E. -

A1—0 to 4 inches; very dark gray (10YR 3/1) rubbed
fine sand; weak fine granular structure; very friable;
common fine roots; very strongly acid; clear smooth
boundary.

A21—4 to 6 inches; grayish brown (10YR 5/2) fine sand;
single grained; loose; common fine roots; very
strongly acid; clear wavy boundary.

A22—6 to 10 inches; brown (10YR 5/3) fine sand; single
grained; loose: few fine roots; very strongly acid;
clear wavy boundary.

A23—10 to 18 inches; dark brown (10YR 4/3) fine sand;
single grained; loose; few fine roots; strongly acid;
clear wavy boundary.

A24—18 to 24 inches; light yellowish brown (10YR 6/4)
fine sand; common fine faint very pale brown
mottles; single grained; loos®; very strongly acid;
gradual wavy boundary.

B1—24 to 28 inches: yellow (10YR 7/6) fine sand;
common fine distinct strong brown (7.5YR 5/6)
segregated iron mottles; single grained; loose; very
strongly acid; clear wavy boundary.

B21t—28 to 36 inches; yellowish brown (10YR 5/8) fine
sandy foam; common fine and medium distinct light
gray (10YR 7/1; 7/2) and common fine faint strong
brown and yellowish red mottles; weak coarse
subangular blocky structure; friable; sand grains
bridged and coated with clay; extremely acid;
gradual wavy boundary.

B22t—36 to 40 inches; yellowish brown (10YR 5/8) fine
sandy loam; many medium distinct light gray (10YR
7/2) and common fine faint strong brown and
yellowish red mottles; weak coarse subangular
blocky structure; friable; sand grains coated and
bridged with clay; few thin lenses of loamy fine
sand; extremely acid; gradual wavy boundary.

B3—40 to 44 inches: very pale brown (10YR 7/4) loamy
fine sand; many medium distinct light gray (10YR
7/2) and many fine faint strong brown mottles;
moderate medium granular structure; very friable;
extremely acid; clear wavy boundary.

C1g—44 to 50 inches; light gray (10YR 7/2) fine sand;

tew fine distinct brownish yellow (10YR 6/8) mottles;

single grained; loose; extremely acid; gradual wavy
boundary.

C2g—>50 to 55 inches; light brownish gray (10YR 6/2)
fine sand; few medium faint light gray (10YR 7/2)
mottles: single grained; loose; clear wavy boundary.
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C39—55 to 70 inches; gray (10YR 5/1) sand; many
coarse distinct light gray (10YR 7/2) mottles; single
grainec_!; loose; very strongly acid.

The solum ranges from 40 to 60 inches in thickness.
The A horizon is very strongly acid or strongly acid. The
Bt and C horizons range from extremely acid to strongly
acid.

The A1, or Ap, horizon has hue of 10YR, value of 2,
and chroma of 1 or value of 3 or 4 and chroma of 1 to 3.
It is less than 10 inches thick where value is 3 or less
and chromais 2 or 1. _

The A21 horizon has hue of 10YR, value of 5 to 7,
and chroma of 2. The A22 to A24 horizons have hue of
10YR, value of 5 or 6, and chroma of 3 to 6; or value of
4 and chroma of 3 or 4; or value of 7 and chroma of 3 or
4. In some pedons there are few to common motties or
splotches of uncoated sand grains that have chroma of
2 or 1. The A horizon is sand or fine sand. There is no
A21 horizon in some pedons.

The B1 horizon has hue of 10YR or 7.5YR, value of §
to 7, and chroma of 4 to 8. it is sand, fine sand, loamy
sand, or loamy fine sand. There is no B1 horizon in
some pedons.

The B2t horizon has hue of 10YR, value of 5 to 7, and
chroma of 3 to 8; or hue of 7.5YR, value of 5, and
chroma of 4 or 6; or value of 6 and chroma of 4 to 8 and
tew to many mottles that have chroma of 2 or less.
There are mottles of higher value and chroma in many
pedons. The horizon is sandy loam, fine sandy loam, or
sandy clay loam. in some pedons there are a few
streaks or lenses of coarser textured material. The
mottles that have chroma of 2 are at a depth of less
than 30 inches. They indicate wetness.

In some pedons the lower part of the B2t horizon has
hue of 10YR, value of 4 to 7, and chroma of 2 or 1; or
hue of 2.5Y, vaiue of 4 to 7, and chroma of 2; or hue of
5Y, value of 5 or 6, and chroma of 1; or it has no hue
(N), value is 4 {0 7, and in some pedons, there are
mottles of red, yellow, brown, or gray. The texture is
sandy loam, fine sandy loam, or sandy clay loam.

The B3 horizon has hue, value, and chroma that are
similar to those of the B2t horizon. It ranges from fine
sandy loam to loamy sand. There is no B3 horizon in
some pedons.

The Cg horizon has hue, value, and chroma similar to

. those of the lower part of the B2t horizon. It is sand or

fine sand.

Bradenton series

The Bradenton series consists of poorly drained,
moderately permeable soils that formed in
unconsolidated loamy marine sediment underlain by marl
and, in some piaces, hard limestone. The soils are nearly
level and are on low-lying ridges and hammocks. Slopes
are generally smooth and are less than 2 percent. In
most years, if the soils are not drained, the water table is



822ica—24 to 44 inches: very dark gray (10YR 3/1)
sandy clay loam; weak coarse subangular blocky
structure: friable: sticky and plastic. few fine roots:
many soft white calcium carbonate accumulations;
:arq grans coated ana bridged with clay:
moaerately alkahne. calcareous. gradual wavy
boundary.

B23tca—44 to 51 inches: dark gray (10YR 4/1) sandy
clay loam:; few fine distinct yellowish brown (10YR
5/4) and strong brown (7.5YR 5/8} mottles: weak
coarse subangular blocky structure; friable; sticky
and plastic; sana grains coated and bridged with
clay: many fine and medium white calcium
carbonate accumulations; moderately alkaline.
calcareous; gradual wavy boundary.

B3g—51 to 63 inches: gray (10YR 5/1) fine sandy loam:;
common medium distinct yellowish brown (10YR
5/4) motties: massive: friable: common calcium
carbonate nodules: moderately alkaline, calcareous;
gradual wavy boundary.

Cg—863 to 80 inches: gray (10YR 6/1) loamy fine sand
and fine sand: massive: very friable; few small
calcium carbonate nodules; moderately alkaline,
calcareous.

The solum is more than 40 inches thick.

The A horizon has hue of 10YR, value of 2 or 3, and
chroma of 1 or 2. Reaction ranges from slightly acid to
moderately alkaiine. Thickness ranges from 4 to 18
inches.

The 32! and B2tca herizons have no hue (N) or have
nue of 10YR. value 1s 2 through 5, and chroma 1s 1 or 0;
or they have hue of 5YR. value of 4 through 6. and
chroma of 1 or 2 and. in some pedons. mottles of gray
or brown or they have hue of 2.5Y. value of 4 or 5. and

o VA ol o ANS Mollies. Tealufe 3 3andy joam cr ‘aru/
cnay Ioam Clay content in the upper 20 inches of the
rraiilic »2nizon ranges from 18 to 35 percent. In the Bica
10rZon. reactlion ranges rom neutral (0 mogerately
alkaline and calcareous.

The 83g honzon has the same color range as the B2t
and B2tca horizons. Its texture is sandy loam or fine
sand loam. The horizon has pockets or lenses of coarser
maternial iIn some piaces.

_ The Cg horizon has nue of 10YR. value of 5 through

tem smemmmz ab 4 mes AF D Y valye of & throygh T
ana cnroma ot Z; hue ot 5Y, value of 5 tnrougn 7. ana
chroma of 1 or 2: or hue of 5GY. value of 5 or 6. and
chroma of 1 and. in some pedons, motties. its texture
ranges from fine sand or loamy fine sand to clay loam.
J=a3ct2n ranges from nautral to maderatelv atkaline and
' CEGMENS N 3CME Loulils,

SaCdlEe e, Sig are 3

Chobee Variant

Chobee Variant soils are very poorly drained, slowly
oarmeaole soils that formea in thick ceds of alkaline

\o" SUNVEY

loamy marine sediment. These soils are nearly level and
are 1n shallow depressions mainly in the western part ci
the county. The water table is at a depth of less than 10
inches for 6 months or more of the year. Unarained
areas pond for long pernods. Slopes range from O to 2
percent. These soils are fine-loamy. carbonatc.
hyperthermic Typic Haplaquolls.

Chobee Variant soils are near Bradenton. Chobee.
Felda, and Manatee soils. Bradenton soils do not have a
mollic epipedon and are poorly drained. Chobee soils
have an argillic horizon. Felda soils are pooriy drainea
and have an argillic horizon below a depth of 20 inches.
Manatee soils have a sandy loam argilhc honizan,

Typical profile of Chobee Variant saray clay loam. in a
wooded area. 100 feet east of Cedar Drain and one-haif
mile south of Atlantic Coast Line Railroad. SE1/4NE1. 2
sec.28. T.33 S..R. 18 E.

A11—0 to 13 inches: black (10YR 2/1) sandy clay icam.
weak medium subangular blocky structure: firm: rign
in organmic matter; few fine and medum roots;
neutral; clear wavy boundary.

A12—13 to 20 inches: very dark gray (10YR 3/1) sancy
clay loam; weak medium subangular blocky
structure: common fine faint very dark grayish brown
mottles; firm; few fine and medium roots: neutral:
clear wavy boundary.

B2gca—20 to 35 inches: light gray (10YR 7/2) sandv
clay loam: common fine distinct dark gray (10YR
4/1) mottles: moderate medium subangular blocky
structure:; sticky: soft accumulations of calcium
caroonate: moderately alkaline. calcareous; clear
wavy boundary.

B3gca—35 to 40 inches: light gray sandy loam; commen
medium distinct yellow (10YR 7/6) mottles: weak
ine subangular blocky structura: shohtty encky 2=
accumulations of calcium carbonate: moderatelv
alkaline. calcareous: clear wavy boundary.

C13—<0to 70 incnes: hght gray ('OYR T 2icamy 327!
weak medium granular structure: few fine shell
fragments; very friable: moderately alkatine.
caicareous:; clear wavy boundary.

C2g—70 to 80 inches: mixed light gray (10YR 7/2) arc
brownish yellow {10YR 6/6) sand: single gramned:
loose: common shell fragments: mocerately altkanre
zalcareous.

The solum ranges from 35 to 60 inches in thickness
Base saturation is 50 percent or more n all horizons.
The mollic epipedon is 10 to 24 inches thick.

The A honzon has no hue (N) or has hue of 10YP

- .- — RIS I
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from medium acnd o neutral

The Bgca herizen has no hue (N) or has hue of *OVE:
value 1s 5 to 7, and chroma is 2 to 0. The texture i1s
mainly sandy clay loam or sandy clay but ranges to
sandy 'oam in the lower part. The contan! o tigy = 2
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10- to 40-inch control section averages 20 to 35 percent.
Reaction’is mildly alkaline or moderately alkaline. There
are few to common mottles in shades of yellow or
brown.

The Cg horizon has no hue (N) or has hue of 10YR:
value is 5 to 7, and chroma is 2 to 0. The texture is sand
or loamy sand. Carbonatic accumulations are common in
some pedons. Shell fragments range from few to
common. -

Delray series

The Delray series consists of very poorly drained soils
that formed in marine sandy and loamy material.
Permeability is moderate or moderately rapid. The soils
are nearly level and are in low shallow depressions. In
most years, if the soils are not drained, the water table is
at or slightly above the surface for more than 6 months
of the year. Slopes are less than 2 percent. These soils
are Joamy, mixed, hyperthermic Grossarenic Argiaquolls.

Delray soils are near Bradenton, Felda, Floridana,
EauGallie, Manatee, Myakka, Ona, Pomona, and
Waveland soils. Bradenton soils do not have a mollic
epipedon but have an argillic horizon at a depth of less
than 20 inches. Felda soils do not have a mollic
epipedon but have an argillic horizon at a depth between
20 and 40 inches. Floridana soils have an argillic horizon
at a depth between 20 and 40 inches. Manatee soils
have an argillic horizon at a depth of less than 20
inches. EauGallie, Myakka, Ona, Pomona, and Waveland
soils have a spodic horizon and are better drained than
Delray soils.

Typical pedon of Delray mucky loamy fine sand, in a
wooded area, about 2.5 miles east of the Sarasota
County line and 0.75 mile south of Florida Highway 18,
NW1/4NE1/4 sec. 16, 7. 37 S., R. 21 E. '

A11—0 to 8 inches:; black (N 2/0) mucky loamy fine
sand;, weak medium granular structure; very friable;
common fine and medium roots; neutral; gradual
smooth boundary.

A12—8 to 16 inches; black (10YR 2/1) loamy fine sand;
few fine faint dark gray motties; weak medium
granular structure; very friable; many fine roots;
neutral; clear wavy boundary. '

A21--16 10 21 inches; grayish brown (10YR 5/2) fine
sand:; common medium distinct very dark gray
(10YR 3/1) streaks and mottles; single grained;
loose; common fine and few medium roots; neutral;
clear wavy boundary.

A22—21 to 43 inches; light brownish gray (10YR 6/2)
fine sand; common medium distinct dark gray (10YR
4/1) mottles and very dark gray (10YR 3/1) streaks
along old root channels; singie grained; loose;
common fine and few medium roots; neutral; clear
wavy boundary.
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A23—43 to 48 inches; grayish brown (10YR 5/2) fine
sand. single grained; loose; few fine roots: neutral:
clear wavy boundary.

B211g—48 to 51 inches; grayish brown (2.5Y 5/2) fine
sandy loam; weak medium subangular blocky
structure; friable; sand grains coated and bridged
with clay; few fine roots; mildly alkaline; clear wavy
boundary.

B22tg—51 to 66 inches; grayish brown (2.5Y 5/2) sandy
clay loam; few fine distinct yellowish brown (10YR
5/4) mottles; moderate medium subangular blocky
structure; tirm; few clay films on ped surfaces;
neutral; gradual wavy boundary.

B23tg—66 to 75 inches; greenish gray (5GY 6/1) sandy
clay loam; common medium distinct olive brown
{2.5Y 4/4) mottles; moderate medium subangular
blocky structure; firm; clay films on ped surfaces;
neutral; clear wavy boundary.

B241g—75 to 80 inches; grayish brown (2.5Y 5/2) sandy
clay loam; few fine faint light gray motties; weak
medium subangular blocky structure; firm; few clay
films on ped surfaces; common fine sand lenses
between peds; neutral.

Reaction ranges from medium acid to neutral in the A
horizon and from neutral to mildly alkaline in the Btg
horizon.

The A1 horizon has hue of 10YR, value of 3 or less,
and chroma of 2 or 1; or it has no hue (N) and value of 2
or 3. The content of organic matter ranges from about 2
to 18 percent. The horizon ranges from 10 to 24 inches
in thickness.

The A2 horizon has hue of 10YR or 2.5YR, value of 4
to 7, and chroma of 2; or it has hue of 10YR, value of 4
to 7. and chroma of 1; or it has no hue (N) and value of
4 to 7. The texture is fine sand or sand. The horizon
ranges from 27 to 55 inches in thickness.

The B2tg horizon has hue of 10YR to 5GY, value of 4
to 6. and chroma of 1; or hue of 10YR, value of 4 to 6.
and chroma of 2; or it has no hue (N), and value is 4 to
6. It has mottles of brown, yellow, or olive in some
pedons. Its texture is fine sandy loam or sandy clay
loam.

The B3g horizon is similar in color to the B2tg horizon.
Its texture is loamy sand or loamy fine sand. There is no
B3g horizon in some pedons.

Duette series

The Duette series consists of moderately well drained
soils that formed in thick deposits of marine sand.
Permeability is moderately rapid. The soils are nearly
level 1o gently sioping and are on low ridges and knolls
in flatwoods. In most years, if the soils are not drained.
the water table is at a depth of 48 to 72 inches for 1 t0 4
months during the wet season. it is at a depth of more
than 72 inches for the rest of the year. Slopes range



within 10 inches of the surface for 2 to 6 months out of
the year and at a depth of 10 to 40 inches for much ot
the rest of the year. In dry periods the water table
recedes to a depth below 40 inches. These soils are
ccarse-ioamy. siliceous. hyperthermic Typic Ochraqualfs.

Bradenton soils are near Chobee, Delray, EauGallie.
Felda. Floridana, Manatee, Wabasso. and Waveland
soils. Chobee soils are fine-loamy. Delray and Floridana
soils have a mollic epipedon and an A honizon that is
more than 20 inches thick. EauGallie. Wabasso. and
Waveland soils have a spodic horizon. Felda soils have
an A horizon that is 20 to 40 inches thick. Manatee soils
have a mollic epipedon.

Typical pedon of Bradenton fine sand. in a hardwood-
cabbage palm hammock, about one-eighth mile east of
the Sarasota County line along the north boundary of the
Myakka River State Park, SW1/4NW1/4 sec. 6. T. 37 §.,
R. 21 E.

A1—0 to 4 inches: dark gray (10YR 4/1) fine sand:
moderate medium granular structure: very fniable;
many fine and medium roots. medium acid; clear
smooth boundary.

A2—4 to 9 inches; grayish brown (10YR 5/2) fine sand;
few medium distinct dark gray (10YR 4/1) motties;
single grained; loose; many fine and medium roots;
medium acid; abrupt wavy boundary.

B21tg—9 to 20 inches; dark gray (10YR 4/1) fine sandy
loam; common fine and medium distinct yellowish
brown (10YR 5/6) motties; weak medium
subangutar blocky structure; friabie: common fine
and medium roots; few thin discontinuous clay films
on surface of peds; slightly acid; gradual wavy
boundary.

322tq—20 to 27 inches: gray (10YR 5/1) fine sandy
10am; many iine aistinct yellowisn brown (10YR 5/6)
mottles; weak medium subangular blocky structure;
fnable: few thin discontinuous clay films on surtace
of peds; common soft white calcium carbonate
accumulations; miidly alkaline; gradual wavy
boundary.

B3g——27 to 38 inches; gray (10YR 5/1) loamy fine sand;
weak coarse subangular blocky structure; very
friable; many sand grains coated with white calcium
carbonate, few white calcium carbonate nodules:
il zlzhre calcareous: clear wavv haurdary

C~—38 to 80 inches; light gray (10YR 7/1) marl that has
texture of foamy fine sand; massive; friable;
moderately alkaline, cailcareous.

The solum ranges from 20 to 50 inches in thickness.

The A1, or Ap, nonzon has hue of 10YR. value of 2 to
4, and chroma of 1; or it has no hue (N) and value of 2
10 4. It ranges from medium acid to neutral and ranges
from 4 to 6 inches in thickness.

The A2 horizon has hue of 10YR, value of 4 to 7. and
chroma of 1; or value of 5 to 7 and chroma of 2; or #t
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has no hue (N) and vaiue of 4 to 7 and mottles of gray.
brown, or yellow. Reaction ranges from medium acid to
neutral. The total thickness of the A hornizon is less than
20 inches.

The B2tg horizon has hue of 10YR. value of 4 to 7.
and chroma of 1; or hue of 10YR or 2.5Y. value of 3 ‘0
7. and chroma of 2; or it has no hue (N) and value of 4
to 7 and, in places. mottles of brown. yellow. or red. The
horizon is sandy loam or fine sandy loam. and it ranges
from slightly acid to mildly alkaline. In many pedons the
lower part of the honzon has soft calcium carbonate
accumulations and nodules. The B3g horizon 1s similar in
color to the B2tg horizon. It is loamy sand or loamy fine
sand and is mildly aikaline or moderately alkatine. (n
some places there 1s no B3g horizon.

The C horizon has hue of 10YR to 5GY, value of 5 to
8. and chroma of 2 or 1. It is predominantly marl that has
texture of loamy sand or loamy fine sand. However. in
some pedons the C horizon 1s a mixture of shells. shel!
fragments. and sand.

In some pedons a layer of limestone about 1.51t0 3
feet thick underlies the Btg. B3g. or C honizons at a
depth between 40 and 80 inches. The imestone can be
dug with a backhoe. It has few to common solution holes
or fractures. Below the limestone there is variable sand
to sandy clay loam mixed with shells and shell
fragments.

Broward Variant

Broward Variant soils are poorly drained and
moderately permeable. They formed in sandy marine
sediment overlying limestone. These soils are nearly
level and are in moderately large to small areas of
flatwoods. mainly in the western part of the county.
Slopes are 0 to 2 percent. 'n most years. f the soils ars
not drained, the water table is between depths of 1C ano
40 inches tor more than 6 months of the year. Itis at a
depth of less than 10 inches tor 1 to 4 months in wel
seasons and recedes to a depth below 40 inches in very
dry seasons. These soils are sandy. siliceous,
hyperthermic Entic Haplaquods.

Broward Variant soils are near Chobee. Deiray,
EauGallie, Myakka, and Wabasso Variant soils. All the
associated soils except Wabasso Variant soils do not
have limestone within a deoth of 80 inches. Chobee and
Delray sotls have a moliic epipecon. Qo not nave a
spodic horizon, and have an argillic horizon. EauGaltie
soils have an argillic horizon below a depth of 40 inches.
Myakka soils have a spodic horizon that is better
developed than that of Broward Variant sois. Wabasso
Vanant sols have an arguiic norizon petween the sgoc.e
horizon and limestone. '

Typical pedon of Broward Vanant fine sand. 'n a gartly
cleared area, about 2 miles west of Oneco and about
1,000 feet north of 53rd Ave.. SW1/4SW1/4 sec. 11. T.
358..R. 17 E.



from O to 5 oercent. These soils are sandy. siliceous,
hyperthermic Grossarenic Entic Haplohumods.

OCuet:e soils are near Cassia. Myakka. and Pomelio
soils. Cassia and Myakka soils have a spodic honzon at
2 desth ¢f less than 20 inches. Cassia soils are -
semewhat poorly drained. and Myakka soils are poorty
grained. Pomello solls have a spodic honzon at a depth
between 30 and 50 inches.

Typical pedon ot Duette tine sand. 0t5 percent
siopes. i an area of sand scrub. approximately 2.25
miles east of the northeast corner of the Myakka River
State Park. SW1/45W1/4SW1/4 sec. 3. T. 37 S.. R. 21

E.

A1—90 tc 4 inches: very cdark gray (10YR 3/1) rubted.
salt and pepper appearance unrubbed. fine sand;
weak fine granular structure; iriable; many fine and
medium rcots: strongly acid; clear smooth boundary.

A21—4 to 12 inches; light gray (10YR 7/2) fine sand:
single grained: loose; few fine and coarse roots:
shghtly acid: clear smooth boundary.

A22—12 to 58 inches: white (10YR 8/1) fine sand;
single grained: loose: few fine and coarse roots:
siightly acig: clear smooth boundary.

821h—58 1o 64 inches: dark brown (7.5YR 3/2) fine
sand: weak medium subanguiar blocky structure;
tnable: sand grains well coated with organic matter,
few tine roots; strongly acid: clear wavy boundary.

B22h—64 to 80 inches: black (5YR 2/1) tine sand; weak
medium subangular blocky structure: friable: many
Yine and medium roots: strongly acid.

Reaction ranges from slightly acid to strongly acid
throughout. Texture is sand or fine sand in all horizons.

The At honzon has hue of 10YR. value of 3 {0 5. and
t~romag of 1 or 2 Unrubbed matenal has a sait and
SECPEl EfpcaraniCs. 1. CRNESS ranges irom = 9 ¢
inches.

Thz 12 ~2nzzn kas hye of 10YR. value of £ to 8. and
nroma o1 1 or 2. Combined thickness of the A1 and A2
“crIons mznges from £1 10 75 inches.

The 8h horizon has hue of 10YR, vaiue of 2 or 3, and
zhroma of 1 or 2: or hue of 7.5YR. value of 3. and
chroma of 2: or hue of SYR. value of 2 or 3. and chroma
of 104

D R R

The EauGallie series consists of poorly drained sorls
that fcrmed in thick beds of sandy and loamy marine
sediment. Permeability is moderate to moderately rapid.
Tha scils are nearly leval and are in broad areas of

2INCILE 2T S 2l D.GCES. T SugNly wlializisud
areas. In most years. a water table 1s at a depth of less
nan "¢ ngnes for e £ menths it wet seasans 2nd 3!
a depth of less than 40 inches for more than 6 months
of the year Slopes range from Qto2 perrent These

Soil survey

EauGallie soils are near Delray, Pinellas. and Wabasso
soils. Deiray soils are very poorly drained. have a molic
epipedon, and do not have a spodic horizon. Pinelias
soils do not have a spodic horizon. Wabasso soils have
an argiliic horizon at a lesser depth.

Typical pedon of Eaudailie fine sana. in a pasture.
about 2.5 miles west of Foxleigh ana 3.25 miles
southeast of the Manatee River. SW1/4NE1/4 sec. 28,
T.34S..R. 18 E.

Ap—03 to 5 inches; very dark gray (10YR 3/1) fine sanc¢:
weak fine granular structure; very friable: many fine
roots. mixture of light gray sand grains and black
grganic matter granules; very strongly acid: graduat
wavy boundary.

A21-—5 to 12 inches; grayish brown (10YR 5/2) fine
sand: single grained; loose:; few fire roots; very
strongly acid: gradual wavy boundary.

A22—12 to 28 inches; hight brownish gray (10YR 6/2)
fine sand: single grained: lcose: few fine roots: few
medium distinct grayish brown (10YR 5/2) mottles:
very strongly acid; abrupt wavy boundary.

82h—28 to 42 inches: black (5YR 2/1) fine sand:
massive in place, crushes to moderate medium
granular structure; friable sand grains coated with
organic matter; few fine roots; very strongly acid:
clear wavy boundary.

B82tg—42 to 50 inches; grayish brown (2.5Y 5/2) sandy
clay loam: moderate medium subanguiar blocky
structure; firm and slightly sticky: tew fine roots:
sand grains coated and bndged with clay: shightly
acid; gradual wavy boungary.

C—50 to 65 inches; mixed lenses and pockets of grayish
brown (10YR 5/2) fine sand. loamy fine sand. and
fine sandy loam; massive: triable: few pocke!s of
rayish Srawn a2 IV 3 DY eandy ~av laame slight'y
acua.

The solum 1s more than <8 :ncnes ek, T e A herzsn
is less than 30 inches thuck. The Stg horizon 1s at a
gepth of more than <0 incnes. The A anc Sh honzons
are sand or fine sand.

The A1 horizon has hue of 10YR. value of 2 to 4. and
chroma of 1. It ranges from 3 to 9 inches in thickness.
The A2 horizon has hue of 10YR,. vaiue of 5 to 8. and
chroma of 2 or 1. The A honzon 1s verv strongly or
SUONGIY acid.

The B2h horizon has no hue (N} and value of 2: or
hue of 10YR or 5YR, value of 2. and chroma of 1 or 2.
or hue of 5YR and 7.5YR. value of 3. and chroma of 2:
or hue of 5YR,. value of 3. and chroma of 3. The sand
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from very strongly acnd to shightly acio. The 53 nonzcn
nas hue of 10YR. value of 3 t¢ 6. and chroma of 3. It
consists of sand or fine sand. It 1S commonly below the
Bh-horizon. The A'2 horizon has hue of 10YR, value of 4
or 5. and chroma of - or hue of 10YR or 2.5Y. value of
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5 or 6. and chroma of 2. There is no A'2 horizon in some
pedons.

The 821g honzon has hue of 10YR or 2.5Y. vaiue of 4
to 6. and chroma of 2 or 1. in some pedons it has
mottles in shaaes of brown. vellow. or grav. Its texture 1s
sandy icam or sangy c.ay 1cam. There are peckets o1
sand or loamy sand. Reaciion 1s medium acid to miidly
atkatine. i

The C honzon has hue of i0YR or 2.5Y. value of 5 or
6. and chroma of 2 or 1. In some pedons 1t has mottles
in shaaes of yellow ¢r brown. its texture 1s fine sand.
loamy fine sand. or sandy loam. The hornizon has
pockets of finer textured matenal in some pedons.
Reaction is sightly acid to mildy alkaline.

Estero series

The Estero series consists of very poorly drained soils
that formed in thick deposits of sandv marine sediment
unger conoimons faveraple for the accumulation of
organic material. Permeability 1s moderately rapid. These
soils are nearty level ana are in tidal mangrove swamps.
Slopes are iess than 1 sercent. These sois are flooded
dally by nigh tides. The water table 1s aoove the surface
or just below the surface. depending on the tide. These
solls are sangdy. siiceous. hyperthermic Typic
Haplaquods.

Estero soils are near Wulfert and Kesson soils 1n tidal
swamps and Myakka, Delray. 8radenton. and St. Johns
soils on uplands. Wuitert soiis are organic. Kesson soils
do not have a spodic rorizon. Mvakka. Cealray,
Bragenton. and St. Johns soils do not have a histic
eppeaon. Delray soils have a mollic eptpedon. do not
have a spodic honzon. and have an araillic honzon
--"ﬂ‘w"ﬁn Qe A0 Nt r*q\/,.. 3 SCoaC ﬂ‘\n-ﬁn t hava
<7V ATGHNC TON.ISN. DU wuiiNS adis fave an urT‘.DrIC
eo:cecon

e SE2IY I Taldn, Y& TINGICY

. SR & c.
on Penco Island. SW1/4SE1/4 sec. 27. R. 16 E.. T. 34
S.

Za—0 to 6 inches: tlack (10YR 2/1) muck: about 90
percent fiber. less than 10 percent rubbed: massive:
inable: neutral: abrupt smooth toundary.

At i mc'ws niack (N 2/0) fine sand: weak fine

" [P, -7 . ;h. <. ‘ T - -
moceraxew a:kaure clear smooth boundary
<12—11to 12.nches: very dark gray (10YR 3/1) fine

sanag: weak fine granwar structure: very friable:
'nanv flne rQ0ts: moderateiv alkaine; clear wavv

-27—14 10 20 incnes: iignt crewnish grav (i0YR €028
“na gang: ‘aw fira dighingt veilowich r2g ISVR S 3)
mettles: singie graned: loose: few fine roots;

moderately alkaline: clear wavy boungary.

A22—20 to 31 inches; grayish brown (10YR 5/2) fine
sand: few medium distinct yellowish rec (5YR £:6)
motties: single grained: loose: few very fine roots:
mildly alkaline: abrupt wavy bounrdary.

821h—31 to 41 incnes: black {5YR 2/1) and dark
grayisn brewn (1C0YR 4, 2) fine sana: massive. sany
friable: sand grains thinly coated with crganic matter:
very strongly acid; clear wavy boundary.

B22h—41 tc 46 inches; black (10YR 2/1) and dark
reddish brown (5YR 3/2) fine sand: massive: very
friable: sand grains thinly coated with crganic matter:
very strongly acid: gradual wavy boundary.

B3-—46 to 56 inches; dark brown (10YR 4/3) and black
{10YR 2/1) fine sand: massive: very fnable: very
strengly acid: clear wavy boundary.

C--56 to 80 inches: grayish brown (10YR 5:2) fine sand:
few fine distinct tlack (10YR 2/1) mottles; singie
grained: loose: very strongly acid.

Reaction in the Oa and A horizors ranges from neutrai
1o moderately alkaline by field test and from very
strongly acid to mildly alkaline after drying. The Bh
horizon is strongly acid or very strongly azid.
Conductivity of the saturation extract ranges from about
245 to 350 mmho/cm in the Oa horizon and from 15 to
45 mmho/cm in the mineral honzons.

The Oa or Oe horizon has hue of 10YR. value of 2 or
3. and chroma of 1 or 2. In pedons where the Oa cr Oe
horizon 1s less than 10 inches thick. there 1s a histic
epipedon if the soil is mixed to a depth of 10 inches.

The A1 honzon has hue of 10YR. value of 2. and
chroma of 1. or value of 3 or 4 ana chrcma of 1 or 2. 2r
hue of 2.5Y. value of 3 or 4, and chroma of 2: or it has
no hue (N), and vaiue is 2 to 4. Where value 1s 3 or less
and chroma is 2 or 1. it is less than 19 :ncres thick even
aiter mixing with me Oa or Og el .5 a4 Jepint i
inches. The texture is sand. fine sand. mucky sand. cr
~ucky fire sand.

The A2 houzon has hue of 10YR. value ¢t S to 7. ana
chroma of 1 or 2 and. in some pedons. has brown,
yellow, red. or gray mottles ano streaks. its texiure 1s
sand or fine sand.

The 8n horizon has hue of 10YR. vaiue of 2. and
chroma ot 1: or value of 3 and chrema ¢f 1 20 2 or hue
of 7. -YR value of 3. and chroma of Z2: or hue cf S =

[N S Tl . - -

of 110 4. The 821h honzon coes nol nave c'\lors cf
higher chroma. as descnbed. in all peagons. Texture 1S
sang. fine sand. or loamy fine sand. There are few to
commaon uncoated sand grains in the uopar part of the

The B3 horizon has nue of 10YR. vaice of 3. ana
shroma of 2 or vaiue ¢! 2 and chroma o1 2o & ar mue
o! 7.5YR and SYR. value of 4, and chromz oi 2 or 4. its
texture is sand or tine sand.
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but in places extends throughout the horizon as small
bodies of uncemented fine sand. The B&Bh horizon is
18 to 43 inches thick.

The C horizon has hue of 10YR, value of 6 to 8, and
chroma of 1 to 4. It extends to a depth of 80 inches or
more.

Palmetto series

The Palmetto series consists of deep, poorly drained
soils that formed in thick deposits of sand and loamy
marine sediment. Permeability is moderately slow. The
soils are nearly level. They are in the flatwoods in
sloughs, in poorly defined drainageways, and in
depressions. Slopes are less than 2 percent. In most
years, if the soils are not drained, the water table is at a
depth of 10 inches for 2 to 6 months of the year. In
depressions water is ponded for 2 to 6 months of the
year. These soils are loamy, siliceous, hyperthermic
Grossarenic Paleaquults.

Paimetto soils are near Delray, EauGallie, Wabasso,
and Waveland soils. Delray soils have a mollic epipedon
and are sandy 10 a depth of 80 inches or more.
EauGallie, Wabasso, and Waveland soils have a spodic
horizon. A part of the spodic horizon in Waveland soils is
ortstein.

Typical pedon of Palmetto sand, about 2.25 miles
north of Verna, SW1/4SW1/4 sec. 24, T. 35 S., R. 20 E.

A11—0 to 8 inches; black (10YR 2/1) sand; moderate
medium granular structure; very friable; many fine
roots; extremely acid; clear wavy boundary.

A12—8 to 10 inches; dark gray (10YR 4/1) sand;
common medium distinct gray (10YR 5/1) mottles;
single grained: loose: common fine roots; extremely
acid; gradual wavy boundary.

A2—10 to 25 inches; gray (10YR 6/1) sand; common
medium distinct gray (10YR 5/1) and fight gray
(10YR 7/1) mottles; single grained; loose; few fine
roots. extremely acid; clear wavy boundary.

Bh&A2—25 to 30 inches; dark grayish brown (10YR 4/2)
sand; many coarse distinct gray (10YR 5/1) motties
consisting of material from the A2 horizon and
common medium distinct very dark ‘grayish brown
(10YR 3/2) Bh fragments; single grained: loose;
many uncoated sand grains; extremely acid: gradual
wavy boundary.

B21h—30 to 40 inches; dark grayish brown (10YR 4/2)
sand; common medium faint very dark grayish
brown (10YR 3/2) mottles: single grained:; loose;
many uncoated sand grains; extremely acid: gradual
wavy boundary.

B22h—40 to 45 inches; very dark grayish brown (10YR
3/2) sand; common coarse faint dark grayish brown
(10YR 4/2) mottles: single grained: loose; many
uncoated sand grains; extremely acid; clear wavy
boundary. :

Soil survey

B21tg—45 to 60 inches; grayish brown (2.5Y 5/2) sandy
clay loam; tew medium distinct yellowish brown
(10YR 5/6) and few coarse faint dark grayish brown
mottles; weak coarse subangular blocky structure:
friable; sand grains moderately coated and bridged
with clay; very strongly acid; gradual wavy boundary.

B22tg—60 to 64 inches; dark grayish brown (2.5Y 4/2)
sandy loam; common coarse faint grayish brown
(2.5Y 5/2) mottles; weak coarse subangutar blocky
structure; friable; sang grains moderately coated and
bridged with clay; very strongly acid; gradual wavy
boundary.

B3g—64 to 68 inches; dark grayish brown (2.5Y 4/2)
loamy sand; massive; friable; very strongly acid.

The B'2tg horizon is at a depth of more than 40
inches. The A and Bh horizons are extremely acid to
strongly acid. The B2t, B3g, and Cg horizons are very
strongly acid or strongly acid.

The A1, or Ap, horizon has hue of 10YR, value of 1 o0
4, and chroma of 2 or 1; or it has no hue (N), and value
is 1 to 4. It is as much as 8 inches thick where value is 2
or 3. Its texture is sand or fine sand.

The A2 horizon has no hue (N) or has hue of 10YR or
2.5Y; value is 5 to 7, chroma is 2 to 0, and there are
mottles in some pedons; or value is 5, chroma is 2, and
there are mottles. Its texture is sand or fine sand.

The Bh&A2 horizon has the same colors as those of
the component horizons. There is no Bh&A2 horizon in
some pedons.

The B2h horizon does not meet the requirements of a
spodic horizon. It mainly has hue of 10YR, value ot 3,
and chroma of 2 or 3 or value of 4 and chroma of 2 to 4.
or hue of 7.5YR, value of 4, and chroma of 2 or 4; but it
ranges to hue of 10YR, value ot 5. and chroma of 2 10 4
where the A2 horizon has value of 7. Uncoated sand
grains in the B2h horizon are common to many. The
horizon is sand or fine sand.

The A'2 horizon has hue of 10YR or 2.5Y, value of 5
to 7, and chroma of 3 or less. Its texture is sand or line
sand. There is no A'2 horizon in some pedons.

The B2tg or B'2tg horizon has hue of 10YR or 8Y,
value of 4 10 7, and chroma of 1 or 2; or hue of 2.5Y,
value of 4 to 7, and chroma of 1 or 2; or hue of 2.5Y,
value of 4 to 7, and chroma of 2; or it has no hue (N)
and value of 4 to 7, and, in some pedons, mottles of
yellow, brown, red, or gray. The control section is sandy
loam or sandy clay loam. In some pedons the lower B21g
horizon is sandy clay.

The B3 or B'3g horizon has the same color range as
that of the B2tg horizon. it ranges from loamy sand to
fine sandy loam.

The Cg horizon has hue of 10YR, 2.5Y, or §Y, value of
5 to 8, and chroma of 4 or less. It ranges from sand to
loamy fine sand. There is no Cg horizon in some pedons.
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yellow mottles in lower 2 inches of horizon; weak
medium granular structure; loose; common fine and
coarse roots; few fine scattered carbon panticles;
dark brown staining along root channels; strongly
acid; gradual wavy boundary. :

C3—34 to 56 inches: yellowish brown (10YR 5/6) fine
sand; weak medium granular structure; loose; few
coarse roots; few fine faint gray splotches; sand
grains lightly coated; very strongly acid; gradual
wavy boundary.

C4—56 to 76 inches; very pale brown (10YR 7/3) fine
sand; common fine and medium distinct strong
brown (7.5YR 5/6) mottles; weak medium granuiar
structure; loose; few coarse roots; many uncoated
sand grains; strongly acid; gradual wavy boundary.

C5—76 to 86 inches; white (10YR 8/1) fine sand: few
fine taint yellowish brown and very pale brown
mottles; single grained; loose; few coarse roots;
strongly acid.

These soils are fine sand to a depth of 80 inches or
more. Reaction ranges from very strongly acid to
medium acid in all horizons. The content of silt and clay

in the 10- to 40-inch control section is less than 5 percent.

The A horizon has hue of 10YR, value of 3 or 4, and
chroma of 1 or 2 or value of 5 and chroma of 1; or hue
of 2.5Y, value of 3 or 4, and chroma of 2. It is 310 8
inches thick.

The C horizon in the upper part has hue of 10YR,
value of 6 or 7, and chroma of 3 or 4 or value of 5 and
chroma of 2 to 8. In the lower part it has hue of 10YR,
value of 6, and chroma of 1 to 3 or value of 7 and
chroma of 1 to 4 or value of 8 and chroma of 1 or 2. In
the lower part there are brown, yellow, or red mottles. In
some pedons. large splotches or motties that have
chroma of 2 or 1 are within a depth of 40 inches. The
colors are those of the sand grains and are not
indicative of wetness.

The lower part of the C horizon, in pedons on benches
along the larger streams and rivers, is at a depth of more
than 40 inches; it is extremely hard (iron-cemented) sand
or fine sand. !t has hue of 10YR, value of 5 to 7, and
chroma of 3 to 8.

Tomoka series

The Tomoka series consists of very poorly drained
soils that formed in well decomposed organic material
and in the underlying sandy and loamy mineral material.
Permeability is moderate to moderately rapid. The soils
are nearly level. They are in freshwater marshes. Slopes
are less than 2 percent. in undrained areas the water
table is at or above the surface except during extended
dry periods. These soils are loamy, siliceous, dysic,
hyperthermic Terric Medisaprists.

Tomoka soils are near Bradenton, Delray, Felda, and
Floridana soils. All the associated soils are mineral soils
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and except for the Delray and Floridana soils are better
drained than the Tomoka soils.

Typical pedon of Tomoka muck, about 5 miles
southwest of Myakka City and 0.25 mile south of Cason
Lake, NW1/4NW1/4 sec. 29, T. 36 S., R. 21 E.

1Qa1—0 to 12 inches; black (5YR 2/1) muck; moderate
medium granular structure; friable; extremely ac:d:
gradual wavy boundary.

Oa2—12 to 18 inches; dark reddish brown (5YR 3/2)
muck; moderate medium granular structure; friable;
extremely acid; gradual wavy boundary.

0a3—18 to 25 inches; black (5YR 2/1) muck: moderate
mediurn granuilar structure; friable; extremely acid;
gradual wavy boundary.

Oad—25 to 28 inches; black (5YR 2/1) muck; common
coarse distinct gray (10YR 5/1) sand lenses;
moderate medium granular structure; friable;
extremely acid; clear wavy boundary.

1IC1—28 to 32 inches; dark gray (10YR 4/1) and light
brownish gray (10YR 6/2) sand: single grained,;
loose; strongly acid; clear wavy boundary.

1IC2—32 to 35 inches; black (10YR 2/1) sand and loamy
sand. single grained; loose; medium acid; abrupt
wavy boundary.

INC3—35 to 40 inches; gray (10YR 5/1) sandy clay
loam; many fine and medium distinct very dark gray
(10YR 3/1) and light gray (10YR 6/1) mottles and
streaks of sand; massive; friable; slightly acid;
gradual wavy boundary.

I1IC4—40 to 50 inches; gray (10YR 5/1) sandy clay
loam; massive; friable; slightly acid; gradual wavy
boundary.

IC5—50 to 75 inches; gray (10YR 5/1) sandy clay loam
with common light gray (10YR 6/1) sand pockets
and lenses; massive; friable; neutral.

Reaction of the Oa horizon is less than 4.5 n 0.01M
CaCl2 and from 5.5 to 6.5 in field test. The IIC and IIIC
horizons range from very strongly acid to neutral.

The Oa horizon has hue of 10YR or 5YR, value of 2.
and chroma of 1 or 2. hue of 5YR, value of 3, and
chroma of 2 or 3; or no hue (N) and value of 2. It ranges
from 16 to 40 inches in thickness.

The !IC horizon has hue of 10YR or 2.5Y, value of 2 to
6. and chroma of 2 or 1. It ranges from sand to loamy
fine sand. The IIIC horizon has hue of 10YR or 2.5Y,
value of 2 to 7, and chroma of 2 or 1. It is sandy loam.
fine sandy loam, or sandy clay loam. In many pedons
there are lenses and pockets of finer or coarser textured
material in the lower HIC horizons.

Wabasso series

The Wabasso series consists of poorly drained, siowly
permeable to very slowly permeable soils that formed in
sandy and loamy marine sediment. The soiis are nearly
level. They are in areas of low, broad flatwoods on flood
plains. In most years, if the soils are not drained. the
water table is at a depth of 10 to 40 inches for more



- . 86

than 6 months of the year. It is at a depth of less than
10 inches for less than 60 days in wet seasons and is at
a depth of more than 40 inches in very dry seasons. In
some areas on flood plains, the soils are flooded
frequently, and in other areas they are flooded only
rarely. Slopes range from O to 2 percent. These soils are
sandy, siliceous, hyperthermic Alfic Haplaquods.

Wabasso soils are near Bradenton, limestone
substratum, Delray, EauGallie, Feida, Floridana, and
Palmetto soils. Bradenton, limestone substratum, soils
do not have a sandy surface layer that is more than 20
inches thick or a spodic horizon. Delray and Floridana
soils have a mollic epipedon, do not have a spodic
horizon, and are in depressions. EauGallie soils have an
argillic horizon at a depth between 40 and 80 inches.
Felda soils do not have a spodic horizon. EauGallie and
Felda soils are in the same positions on the landscape
as Wabasso soils. Palmetto soils do not have a spodic
horizon and are in poorly defined drainageways and
sloughs.

Typical pedon of Wabasso fine sand, in an improved
pasture, 1 mile north of Florida Highway 64, 1 mile
southwest of Manatee River, NW1/4NW1/4 sec. 25, T.
34S.,.R.18E.

Ap—O0 to 7 inches; very dark gray (10YR 3/1) fine sand;
mixture of organic matter and light gray sand grains
has a salt and pepper appearance; weak fine
granular structure; very friable; many fine and
medium roots; strongly acid; clear wavy boundary.

A21—7 to 12 inches: gray (10YR 5/1) fine sand; single
grained; loose; common fine and medium roots:
common uncoated sand grains; strongly acid; clear
smooth boundary.

A22—12 to 21 inches; light gray (10YR 7/1) fine sand;
single grained: loose; medium vertical dark gray and
very dark gray streaks in the matrix and along root
channels; few medium roots; very strongly acid;
abrupt wavy boundary.

B21h—21 to 25 inches; black (SYR 2/1) fine sand:
massive parting to moderate fine granular; sand
grains are well coated with organic matter; few fine
roots: very strongly acid; clear wavy boundary.

B22h—25 to 28 inches; dark reddish brown (5YR 2/2)
fine sand; massive parting to weak fine granular;
firm: few fine and medium roots; many sand grains
coated with organic matter; very strongly acid; clear
wavy boundary.

B3—28 to 31 inches; brown (10YR 4/3) fine sand; few
medium faint very dark brown streaks and motties;
single grained; loose: many sand grains are thinly
coated with organic matter; very strongly acid;
gradual wavy boundary.

A'2—31 to 37 inches:; pale brown (10YR 6/3) fine sand;
few fine faint streaks of very dark grayish brown;
single grained: loose: medium acid; gradual wavy
boundary.

Soil survey

B'21t—37 to 46 inches: grayish brown (10YR 5/2) sandy
loam; few medium prominent red (2.5YR 4/8) and
distinct brownish yellow (10YR 6/8) mottles; weak
fine granular structure; friable; sand grains are
bridged and coated with clay; few fine light gray
(10YR 7/1) sand lenses; slightly acid; gradual wavy
boundary.

B'22t—46 to 65 inches; gray (10YR 6/1) sandy clay
loam; few coarse distinct reddish yellow (7.5YR
6/6), strong brown (7.5YR 5/8), and dark brown
(7.5YR 4/4) mottles; weak fine subangular blocky
structure; firm; sand grains are distinctly coated and
bridged with clay; few thin patchy clay films on ped
faces and in root channels; slightly acid; gradual
wavy boundary.

Cg—65 to 80 inches; gray (10YR 6/1) sand mixed with
many fine shell fragments; brownish yellow and
strong brown mottles; single grained; mildly alkaline.

Reaction ranges from neutral to very strongly acid in
the A, B2h, and B3 horizons and from medium acid to
rnildly alkaline in the horizons below.

The Ap, or A1, horizon has no hue (N) or has hue of
10YR,; value is 2 or 3, and chroma is 1 or 2. It generally
has a salt and pepper appearance where undisturbed. it
ranges from 3 to 8 inches in thickness. The A2 horizon
has hue of 10YR, value of 5 to 7, and chroma of 1 or 2.
Total thickness of the A horizon is 16 to 30 inches.

The B2h horizon has hue of 5YR to 10YR, value of 2
or 3, and chroma of 3 or less. Itis 7 to 18 inches thick.

The B3 horizon has hue of 5YR to 10YR, value of 4,
and chroma of 2 to 4. It is fine sand or sand and ranges
to 6 inches in thickness. The B3&8Bh horizon, where
present, has matrix colors similar to those of the B3
horizon and aiso has black or dark reddish brown weakly
cemented Bh fragments.

The A'2 horizon has no hue (N) or has hue of 10YR or
2.5Y; value is 5 to 8, and chroma is 3 or less. It is fine
sand or sand and ranges to 14 inches in thickness.

The B’2t horizon has hue of 10YR, 2.5Y, and 5Y,
value of 4 to 7, and chroma of 1 to 8. It has gray, brown,
yellow, and red mottles. it is fine sandy loam, sandy
loam, or sandy clay ioam. In some pedons there are few
to common, fine and medium nodules of white (10YR
8/1) carbonatic material. The B'2t horizon is at a depth
between 26 and 40 inches. {t is 15 to 30 inches thick.

The Cg horizon has no hue (N) or has hue of 10YR;
value is 5 to 7, and chroma is 1 or 0. it is a mixture of
sand or loamy sand and shell fragments.

Wabasso Variant

Wabasso Variant soils are poorly drained. They formed
in sandy and loamy marine sediment overlying limestone.
Permeability is slow to moderately slow. The soils are
nearly level. They are in areas of low, broad flatwoods.
Slopes are 0 to 2 percent. in most years, if the soils are
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SOUTH FLORIDA

Although the Hawthorn Group in south Florida consists of the same general sediment types (car-
bonate, quartz sand, clay and phosphate), the variability and complexity of the section is different from
the strata in northern Florida. In the south Florida area (Figure 1), particularly the western half of the area,
the Hawthorn Group consists of a lower, predominantly carbonate unit and an upper, predominantly
siliciclastic unit. Eastward the section becomes more complex due to a greater percentage of siliciclastic
beds present in the iower portion of the Hawthorn Group.

The differences that exist between the northern and southern sections of the Hawthorn Group require
separate formational nomenclature. in southern Florida, the Hawthorn Group consists of in ascending
order, the Arcadia Formation (new name) with the Tampa and Nocatee (new name) Members and the
Peace River Formation (new name) with the Bone Valley Member (Figure 33). The new nomenciature
helps alleviate many of the previousiy existing problems associated with the relationship of the Bone
Valley, Tamiami, Hawthorn, and Tampa units in the south Florida region.

. ARCADIA FORMATION
Definition and Type Section

The Arcadia Formation is a new formational name proposed here for the lower Hawthorn carbonate
section in south Florida. This unit includes sediments formerly assigned to the Tampa Formation or
Limestone (King and Wright, 1979) and the ‘‘Tampa sand and clay'’ unit of Wilson (1977).

Dall and Harris (1892) used the term ‘‘Arcadia marli’’ to describe beds along the Peace River. This term
was never widely used and did not appear in the literature again except in reference to Dall and Harris. It
appears that their use of the ‘‘Arcadia mari'’ described a carbonate bed now belonging in the Peace
River Formation of the upper Hawthorn Group. Riggs (1967) used the term *‘Arcadia formation'' for the
carbonate beds often exposed at the bottom of the phosphate pits in the Central Florida Phosphate
District. Riggs’ use of this name was never formalized. The ‘‘Lexicon of Geologic Names'' (U.S.G.S.,
1966) listed the name Arcadia as being used as a member of the Cambrian Trempealeau Formation in
Wisconsin and Minnesota, thereby precluding its use elsewhere. Investigations into the current status of
this name indicated that the Arcadia member has not been used in some 25 years and does not fit the -
current Cambrian stratigraphic framework. The Lexicon also indicates Arcadia clays as an Eocene
(Ctaibornian) unit in Louisiana. This name also has been dropped from the stratigraphic nomenclature of
Louisiana (Louisiana Geological Survey, 1984, personal communication). Since these former usages of
this name are no longer viable, the term can be used for the lower Hawthorn Group sediments in
" southern Florida in accordance with Article 20 of the North American Code of Stratigraphic
Nomenciature (NACSN, 1983).

The Arcadia Formation is named after the town of Arcadia in DeSoto County, Florida. The type section
is located in core W-12050, Hogan #1, DeSoto County (SEYs, NWVa, Section 168, Township 38S, Range
26E, surface elevation 82 feet (19 meters)) drilled in 1973 by the Florida Geological Survey. The type Ar-
cadia Formation occurs between -97 feet MSL (-30 meters MSL) to -520 feet MSL (-159 meters) (anure
34).

Two members can be recognized within the Arcadia Formation in portions of south Florida. These are
the Tampa Member and the Nocatee Member (Figure 33). The members are not recognized throughout
the entire area. When the Tampa and Nocatee are not recognized, the section is simply referred to as the .
Arcadia Formation.

Lithology

The Arcadia Formation, with the exception of the Nocatee Member, consists predominantly of
limestone and dolostone containing varying amounts of quartz sand, clay and phosphate grains. Thin
beds of quartz sand and clay often are present scattered throughout the section. These thin sands and
clays are generally very calcareous or dolomitic and phosphatic. Figure 34 graphically illustrates the
lithologies of the Arcadia Formation including the Tampa and Nocatee Members. The lithologies of the
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Tampa and Nocatee Members will be discussed separately from the undifferentiated Arcadia Formation.

Dolomite is generally the most abundant carbonate component of the Arcadia Formation except in the
Tampa Member. Limestone is common and occasionally is the dominant carbonate type. The dolostones
are quartz sandy, phosphatic, often slightly clayey to clayey, soft to hard, moderately to highly altered,
slightly porous to very porous (moldic porosity) and micro- to fine crystalline. The dolostones range in col-
or from yellowish gray (5 Y 8/1) to light olive gray (5 Y 6/1). The phosphate grain content is highly variable
ranging up to 25 percent but is more commonly in the 10 percent range. The limestones of the Arcadia
are typicaily quartz sandy. phosphatic, slightly clayey to clayey, soft to hard, low to highly recrystallized.
variably porous and very fine to fine grained. The limestones are typically a wackestone to mudstone with
few beds of packstone. They range in color from white (N 9) to yellowish gray (5 Y 8/1). The phosphate
grain content is similar to that described for the dolostones. Fossils are generally present only as molds
in the carbonate rocks.

Clay beds occur sporadically throughout the Arcadia Formation. They are thin, generally less than 5
feet thick, and of limited areal extent. The clays are quartz sandy, silty, phosphatic, dolomitic and poorly
to moderately indurated. Color of the ciay ranges from yellowish gray (5 Y 8/1) to light olive gray (5 Y 6/1). -
Lithoclasts of clay are often found in other lithologies. Smectite, illite, palygorskite, and sepiolite com-
prise the clay mineral suite (Reynoids, 1962).

Quartz sand beds also occur sporadically and are generally less than 5 feet thick. They are very fine to
medium grained (characteristically fine grained), poorly to moderately indurated, clayey, dolomitic and
phosphatic. The sands are usually yellowish gray (5 Y 8/1) in color.

Chert is also sporadically presently in the Arcadia Formation in the updip areas (portions of Polk,
Hillsborough, Manatee and Hardee Counties). In many instances the chert appears to be silicified clays
and dolosilts.

Subjacent and Suprajacent Units

The Arcadia Formation overlies either the Ocala Group or the '‘Suwannee’’ Limestone in the south
Florida region (Figure 8). The contact between the basal Arcadia and the Ocala Group is an easily
recognized unconformity. in the north central and northeastern portions of southern Florida, where the
Hawthorn Group overlies the Ocala Group (Figures 8 and 41), the Arcadia is characteristically a gray,
hard, quartz sandy, phosphatic dolostone with a few siliciclastic interbeds. This is in contrast to the Ocala
Group, which is a cream to white, fossiliferous, soft to hard limestone (packstone to wackestone).

Throughout most of south Florida, the Hawthorn Group overties limestones most often referred to as
the ‘'Suwannee’’ Limestone (Figure 33). In much of this area the contact is recognizably unconformable.
The contrast between the sandy, phosphatic, fine-grained to finely crystalline carbonates of the Arcadia
and the coarser grained nonphosphatic, non-quartz-sandy limestones of the *‘Suwannee’* Limestone
allow the contact to be easily placed. However, in the downdip areas (e.g., Lee and Charlotte Counties
and further south) the contact becomes more obscure. In this area the contact is placed at the base of the
last occurrence of a sandy, variably phosphatic carbonate.

The limestones underlying the Arcadia are referred to as ‘‘Suwannee’’ limestone due to the uncertain-
ty of the formational assignment. These sediments have characteristically been called ''Suwannee' by
previous workers despite the fact that they have never been accurately correlated with the typical Suwan-
nee Limestone in northern Florida. Hunter (personal communication, 1984) believes that these car-
bonates are not Suwannee or the equivalent but are an unnamed limestone of Chickasawhayan Age
(Late Qligocens).

Unconformably overlying the Arcadia Formation is the Peace River Formation (Figure 33). The Peace
River Formation is predominantly a siliciciastic unit with varying amounts of carbonate beds. The percen-
tage of carbonate beds is higher near the base of the Peace River, resulting in a transitional or grada-
tional contact with the Arcadia. In some areas the contact is often marked by a phosphatic rubble zone
and/or a phosphatized dolostone hardground. in the more gradational sequence the contact is placed
where the carbonate beds become significantly more abundant than the siliciclastic beds.
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Lithology

The Tampa Member consists predominantly of limestone with subordinate dolostone, sands, and
clays. The lithology of the Tampa is very similiar to the limestone portion of the Arcadia Formation with
the exception of its phosphate content which is almost always noticeably less than in the Arcadia.
Phosphate grains generally are present in the Tampa in amounts less than 3 percent although beds con-
taining greater percentages do occur, particularly near the facies change limits of the member.

Lithologically. the limestones are variably quartz sandy and clayey with minor to no phosphate. Fossil
molds are often present and include mollusks, foraminifera and algae. Colors range from white (N 9) to
yellowish gray (5 Y 8/1). The limestones range from mudstones to packstones but are most often
wackestones. The dolostones are variably quartz sandy and clayey with minor to no phosphate. They are
typically microcrystalline to very fine grained and range in color from pinkish gray (5 YR 8/1) to light olive
gray (5 Y 6/1). The dolostones often contain fossil molds similar to those in the limestones.

Sand and clay beds occur sporadically within the Tampa Member. Lithologically, they are identical to
those described for the Arcadia Formation except for the phosphate content which is significantly lower
in the Tampa Member.

Siliceous beds are often present in the more updip portions of the Tampa. In the type area near Tampa
Bay the unit is well known for silicified corals, siliceous pseudomorphs of many different fossils and chert
bouiders.

Subjacent and Suprajacent Units

The Tampa Member overiies the ‘'Suwannee'’ Limestone in areas where the Nocatee Member is not
present and the Tampa Member forms the base of the Arcadia. The boundary often appears gradational
as discussed by King (1979) and King and Wright (1979). Figure 19 indicates an unconformabile time rela-
tionship with the ''Suwannee’ Limestone which often is not apparent lithologically. This indicates a pro-
bable reworking of underlying materials into the Tampa Member obscuring the unconformity.

The Tampa Member overlies the Nocatee Member in the area where both are present (Figure 33). The
contact appears conformable and is easily recognized. In a few areas where the Nocatee is absent, the
‘Tampa may overlie undifferentiated Arcadia Formation sediments. The Tampa Member may be both
overlain and underlain by undifferentiated Arcadia.

The Tampa Member is overlain throughout most of its extent by carbonates of the undifferentiated Ar-
cadia Formation. The contact often appears gradational over one or two feet. An increase in phosphate
grain content is the dominant factor in defining the lithologic break. In updip areas the Tampa may be
overlain by siliciclastic sediments of the Peace River Formation. Further updip it may be exposed at the
surface or covered by a thin veneer of unconsolidated sands and clays which may represent residuum of
the Hawthorn sediments. Figure 35 through 39 show the relationship of the Tampa Member to the overty-
ing and underlying units.

Thickness and Areal Extent

The Tampa Member is quite variable in thickness throughout its extent. It thins updip to its northern
limit where it is absent due to erosion and possibly nondeposition. The thickest saction of Tampa en-
countered is in W-14882 in Sarasota County where 270 feet (82 meters) of section are assigned to this
member (Figure 45). More typically an average thickness is approximately 100 feet (30.5 meters).

The top of the Tampa Member (Figure 46) ranges in elevation from as high as + 75 feet (23 meters)
MSL in northeastern Hillsborough County to -323 feet (-98.5 meters) MSL in northern Sarasota County.
The lowest elevation for the top of the unit occurs in a rather large depression that encompasses part of
northern Sarasota County and southern Manatee County.

The Tampa dips towards the south in the northern halif of the area of occurrence (Figure 46). Dip direc-
tion in the southern halif is more to the southwest and west. Dip angle varies from place to place but the
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grade updip by facies change into calcareous. glauco-
nitic, clastic rocks. This carbonate-clastic transition
lies farther to the north and west in lower Eocene
strata than it does in the underlying Paleocene and is
located still farther north and west in middle Eocene
rocks. Upper Eocene rocks retain their carbonate
character in many places up to the point where they
are truncated by erosion. The overall effect is that of a
general regional transgression that began in Paleocene
time and persisted through the late Eocene and during
which the marine facies of progressively younger rocks
extended progressively farther and farther inland.
Several minor regressions punctuated this general
transgression. These observations are consistent with
the sea level curve of Vail and others 11977). which
shows that sea level worldwide became progressively
higher from early to late Eocene time.

Rocks oF EaRLY EOCENE AGE

Downdip. a lower Eocene carbonate sequence under-
lies southeastern Georgia and the Florida peninsula:
updip. the remainder of the study area is underlain by
clastic lower Eocene rocks. Locally, in South Carolina.
the Eocene in the subsurface is an impure limestone.
Plate 4 shows the configuration of the top of rocks of
early Eocene age and the area where they crop out.
Comparison of plate 4 with a map of the structural
surface of the Paleocene (pl. 3) shows that. in Alabama
" and southwestern Georgia. lower Eocene rocks lie to
the south and east of Paleocene rocks in offlap relation-
ship. In central Georgia. however. beds of early Eo-
cene age overlap and extend farther to the north than
the underlying Paleocene rocks. Lower Eocene rocks
are known to extend farther to the north in this overlap
area than plate 4 shows, but they have been mapped
during this study only to the limits of the well control
used to delineate the Floridan aquifer system. In the
western part of the study area. the configuration of the
top of the early Eocene is contoured up to the limit of
outcrop of these rocks (pl. 4).

Many of the large- to intermediate-scale structural
features that affect the shape of the Paleocene surface
ipl. 31 are recognizable on the early Eocene surface (pl.
41. Those features common to both maps include (1)
the Peninsular arch in north-central Florida, (2) the
Southeast Georgia embavment, and (3) a steep. steady
slope toward the Gulf Coast geosyncline in the western
part of the study area. The Southwest Georgia embay-
ment in eastern panhandle Florida is a negative area on
both the Paleocene and early Eocene tops, but this
feature is deeper and narrower and extends farther to
the northeast on the early Eocene surface than it does

FLORIDAN AQUIFER SYSTEM RASA PROJECT

on the top of the Paleocene. The configuration of the
South Florida basin in southwestern peninsular
Florida likewise differs on the Pal